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ABSTRACT
Many high school students graduate lacking several key 21st-century skills
needed for college, career, and life. Among 21st-century skills, researchers deem critical
thinking fundamental to meeting life’s increasingly complex challenges, as it underlies
primary thought processes such as reasoning, analyzing, and decision-making. This
quantitative, quasi-experimental study compares the critical thinking ability of high
school students involved in three programs: robotics, chess, and speech and debate. The
study aims to determine whether these groups have statistically significant differences in
critical thinking levels. Critical thinking ability was measured by scores on the Critical
Thinking In Everyday Life assessment, a valid measure of such ability. Quantitative data
was collected through a pretest-posttest control group design and analyzed to look for
significant effects between the variables. Among the study’s findings were that years of
experience in a program did not affect critical thinking and that developing critical
thinking requires planning, skill integration, and purposeful teaching. The findings aim to
inform policymakers, educators, and program leaders which afterschool program(s) may
most effectively help students develop the 21st-century skill of critical thinking.
Key words: 21st-century skills, critical thinking, robotics, chess, speech and debate,
quasi-experimental, quantitative study.
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CHAPTER I - INTRODUCTION
Many students today finish high school without the ability to effectively make
sense of an increasingly complex, information-driven world (Dawson, 2018; P21, 2019a,
Haber, 2020). These high school students graduate without sufficient means to evaluate
and solve many of the problems they will likely face in college and career (Haber, 2020).
Further, these students often lack the adequate decision-making skills needed to make
sound, well-considered decisions in life (Dawson, 2018; Stobaugh, 2013b). These
numerous challenges are due to large numbers of students graduating without sufficient
critical thinking skills (Haber, 2020; Kivunja, 2015; P21, 2019a). Critical thinking is a
21st-century skill, one of several essential competencies required to successfully navigate
21st-century society (Battelle for Kids, 2019; Carlgren, 2013; Kivunja, 2015; Wallace,
2014). Researchers contend that knowing how to think critically is a particularly
important skill for high school graduates to possess, because it is key to reasoning,
decision-making and judgement (Kivunja, 2015; P21, 2019a, Stobaugh, 2013b).
Moreover, knowing how to analyze problems, structure arguments, and formulate
solutions, which are all components of critical thinking, is fundamental to the learning
process (Haber 2020; P21, 2019a; Stobaugh, 2013b). Consequently, some education
policymakers, industry leaders, and employers are calling for increased development of
critical thinking in students (Kivunja, 2015; Ma & Williams, 2013; P21, 2019a). In fact,
researchers point to students not having the problem-solving or critical thinking abilities
needed to join the 21st-century workforce (Haber, 2020). Additionally, in a 2019 surveybased study conducted by the Society for Human Resource Management, 51% of
respondents reported that “education systems have done little or nothing to help address
1

the skills shortage issue;” The report was referring specifically to skills such as critical
thinking (Society for Human Resource Management, 2019, p. 6). Moreover, the report
also found that “critical thinking and problem-solving ranked among the top three skills
lacking among applicants (Society for Human Resource Management, 2019).
In 1965, Dr. Benjamin Bloom created a means of teaching critical thinking skills
called Bloom’s Taxonomy (Gaitan, 2017). Bloom believed in moving students beyond
mere knowledge acquisition in the learning process, placing emphasis on the higher-order
skills of Analyzing, Synthesizing and Evaluating information as the means to think
critically and construct knowledge (Bloom, 1956; Gaitan, 2017). In 2001, scholars
revised the taxonomy to emphasize Analyzing, Evaluating, and Creating for being the
levels where critical thinking was actively and dynamically accomplished (Gaitan, 2017;
Westbrook, 2014). The revised Bloom’s taxonomy provides teachers with useful
guidance, and the levels can be viewed in less of a hierarchy and more as integrated parts
that interconnect for more effective learning (Westbrook, 2014). Moreover, these
integrated components can assist educators in guiding their students to push past simple
information recall or knowledge memorization to become critical thinkers (Gaitan, 2017;
Westbrook, 2014).
Although educators and policymakers have made progress in recent decades with
classes and curricula designed to bolster critical thinking and other 21st-century skills
among students, levels remain below what they need to be (Haber, 2020). Additionally,
afterschool programs are increasingly being used to improve students’ abilities, with a
number of researchers evaluating the effectiveness of such programs (Iman, 2017;
Menekse et al., 2017; Thomas EL, 2019; Usart et. al, 2019). In particular, chess, robotics,
2

and speech and debate are three programs oriented toward developing critical thinking
and other 21st-century skills (Iman, 2017; Menekse et al., 2017; Thomas EL, 2019; Usart
et. al, 2019). For example, through high school chess programs, cognitive skill sets are
actively developed while students learn and competitively play the game (Thomas-EL,
2019). Researchers also find that students can develop and hone their critical thinking
ability through the problem-based task of designing, building, and operating robots in
competition (Usart, et al., 2019; Wallace, 2014). Regarding speech and debate, it is an
activity where students participate in competitive intellectual play and hone their critical
thinking skills to develop their arguments (Bartanen & Littlefield, 2015). Consequently,
this study intends to compare chess, robotics, and speech and debate to evaluate which
afterschool program may be most effective in helping students develop the essential 21stcentury skill of critical thinking.
The remainder of Chapter 1 contains the following sections: (a) a background
section immediately follows to provide context for the research, such as the importance
of 21st-century skill development for America’s students, the fundamental role of critical
thinking in relation to the other 21st-century skills, and a summary of the research on the
subject; (b) the statement of the problem (c) the purpose of the study; (d) the significance
of the study; (e) justification and listing of the study’s research objectives; (f) the study’s
underlying conceptual framework; (g) limitations; (h) delimitations; (i) definitions of key
terms; and (j) a summary.
Background
The 4 C’s of 21st-century skills are considered Learning and Innovation skills
because they are foundational to the learning process and critically important to preparing
3

students for the challenges of a rapidly changing, decision-based society (Kivunja, 2015;
National Education Association, 2012; P21, 2019a). Among the 4 C’s of 21st-century
skills, critical thinking is the ability to reason effectively, solve problems, make decisions
and judgments, and analyze how the components of a system interact and work together
(P21, 2019b; Partnership for 21st Century Skills, 2009). According to Kivunja (2015),
critical thinking is in fact a super skill, because it leads students to question, reason, and
problem-solve. And as other researchers assert, such skill development may lead students
to become effective problem-solvers later in life (Halton, 2019; Stobaugh, 2013a).
Educators are making efforts to develop relevant 21st-century skills curricula, yet
doing so remains a significant challenge (Kivunja, 2015). As the literature reflects,
teachers in the traditional classroom setting are sometimes reluctant to lead such skills
training as they lack the confidence or competence to do so (Breslin, 2016; Carlgren,
2013). In addition, many schools themselves are not adapting quickly enough to guide
students in gaining this vital knowledge, as they remain grounded in methods that are
now obsolete in the digital age (Kivunja, 2015). Consequently, there remains a real and
growing need for 21st-century skill development for all school-age students (Halton,
2019; National Education Association, 2012). And according to researchers, such skills
training is especially needed by public-school students (Breslin, 2016; Calgreen, 2013;
Rotherham & Willingham, 2010).
In terms of the afterschool programs for developing the 4 C’s, and critical
thinking, in particular, the three programs which are the focus of this study—chess,
robotics, and speech and debate—are shown to foster the development of critical thinking
(Bartanen & Littlefield, 2015; Thomas-EL, 2019; Usart et al., 2019). For example,
4

regarding chess, student cognitive skill sets are developed through learning and
competitively playing the game (Thomas-EL, 2019). Moreover, using competitive chess
to foster cognitive and critical thinking skills among inner-city middle school students
was the focus of qualitative research by Thomas-EL (2019). According to Thomas-EL
(2019), inner-city students in particular can benefit from afterschool competitive chess
programs that bolster their confidence level, resilience, and critical thinking ability while
providing a safe space to spend time after school (Thomas-EL, 2019). According to Milat
(19970, chess is a cognitive, intellectually challenging game long used as an educational
tool to help students develop critical thinking skills. Winning also requires players to
consider the position of each piece on the board, and carefully analyze each situation
(Berkely, 2012).
In robotics, the 21st-century skill of critical thinking is integrated in the cognitive
competencies involved in planning, building, and programming a robot for competition
(Ma & Williams, 2013). Through robotics, critical thinking is complemented by
computational thinking, which is a systematic means of solving problems and
understanding situations through working with computer-based devices (Kules, 2016).
Moreover, critical thinking skills is fostered through robotics’ emphasis on developing
active, informal learning contexts in which the student team members can do their work,
according Usart et al. (2019). Student participants in FIRST competitions often perceive
that they are actively improving their real-world problem-solving skills in this context
(Usart et al., 2019).
Regarding speech and debate, it is an activity where students engage in
competitive intellectual play and hone their critical thinking skills to be able to better
5

develop their arguments (Bartanen & Littlefield, 2015). Speech and Debate has been
shown in quasi-experimental, quantitative research to significantly improve students'
critical thinking skills (Iman, 2017). Studies have also found that students involved in
speech and debate perceive that such involvement enhances their critical thinking ability
(Zare & Othman, 2015). In addition, speech and debate enables students to demonstrate
the critical thinking skills they develop through speaking and forming strategic, wellthought arguments (Bartanen & Littlefield, 2015). Moreover, once developed, these skills
enable students to meet the challenges of an increasingly complex world (Bartanen &
Littlefield, 2015).
Statement of the Problem
Students must be able to graduate from high school possessing the 21st-century
skills needed in the modern-day workplace and society, particularly critical thinking
(Battelle for Kids, 2019; Kivunja, 2015). According to researchers, however, many
students in the U.S. finish high school lacking the needed level of critical thinking ability
for success in college and career (Halton, 2019; Haber, 2020; Kivunja, 2015; P21,
2019a). Once graduates possess a sufficient level of critical thinking ability, they will be
better prepared to join 21st-century society, and the U.S. economy will have a suitably
trained, ready-to-hire workforce (Battelle for Kids, 2019; Haber, 2020; Halton, 2019;
Wallace, 2014). For example, according to Anis (2017), students without sufficient
critical thinking skill face the problem of not be able to think through and solve the
complex, multilayered problems that occur often in the real world. Compounding this
issue is that students often struggle with the problem of how to develop and apply
essential critical thinking skills (Stupple et al., 2017). Moreover, current literature
6

suggests that programs such as chess, robotics and speech and debate can help students
develop critical thinking skills (Bartanen & Littlefield, 2015; Thomas-EL, 2019; Usart et
al., 2019). However, additional research is needed to address the gap in the literature
regarding comparative studies on which program may be more effective in developing
student critical thinking ability.
Purpose of the Study
The purpose of this study is to examine how chess, robotics, and speech and
debate compare in terms of how effectively the programs may help students develop
critical thinking ability. Primarily, the critical thinking assessment scores of students
involved in each of the afterschool programs (as well as a No Program control group)
will be analyzed to look for statistically significant differences. Each participant’s current
critical thinking ability will be measured through a proven assessment, Critical Thinking
in Everyday Life (Mincemoyer et al., 2001), completed as a pretest near the beginning of
a semester, then again after 12 weeks as a posttest. The Critical Thinking in Everyday
Life survey assesses a student’s critical thinking skill level by evaluating the frequency
that participants currently use the skills underlying critical thinking, such as reasoning,
inquiry, information processing, and analysis (Mincemoyer et al., 2001).
This study will also evaluate whether there is a relationship between various
academic performance indicators, such as a participant’s current honor roll status and
their critical thinking assessment score. Being on the honor roll indicates that a student
has at least an A-B grade point average over nine weeks (Madison County Schools,
2018), and provides a measure of how critical thinking ability may relate to a academic
achievement. Similarly, Burkhart (2006) looked at the relationship between scores on
7

state achievement tests and critical thinking ability. More recently, Smalls (2016)
examined the relationship between students taking Advanced Placement courses and their
level of critical thinking ability, finding a positive relationship between the two variables.
Moreover, in another relevant study by Garcia-Gaston (2008), the researcher evaluated
students’ motivational factors for completing high school, and those factors include (a)
the value students place on education, and (b) the opportunities students look forward to
after high school. Consequently, evaluating the relationship between critical thinking and
the perceived importance of graduating from high school and going on to college and
career is part of this study’s purpose as well.
Significance of the Study
The study adds to the literature regarding afterschool activities, particularly chess,
robotics, and speech and debate, as a means of fostering the 21st-century skill of critical
thinking. The findings of this study will help educators and program leaders improve the
teaching of critical thinking skills (Halton, 2019; Kokkidou, 2013; Usart et al., 2019;
Willingham, 2019). The findings will also be beneficial to the business and government
leaders who require an adaptive, problem-solving, critically thinking workforce ready to
fill 21st-century jobs (Hall-Lay, 2018; Ma & Williams, 2013; Wallace, 2014), as well as
a society that increasingly requires its citizens to possess these essential skills (Battelle
for Kids 2019; Haber, 2020; National Education Association, 2012). With a boost in
critical thinking, high school students will be better prepared to find jobs and live in an
ever more complex 21st-century society (P21, 2019a). For instance, according to multiple
scholars, students with sufficient critical thinking skills will be significantly more
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employable, academically successful, and better prepared to solve the increasingly
complex problems they may face (Anis, 2017; Stupple et al., 20017).
Research Objectives
The study’s overall research question and research objectives were developed
from the literature, which suggests that engagement in competitive high school chess,
robotics, and speech and debate can foster student development of essential 21st-century
skills, particularly critical thinking (Bartanen & Littlefield, 2015; Menekse et al., 2017;
Thomas-EL, 2019; Usart et al., 2019). This study has five research objectives to evaluate
the overall question of how the three after school programs, as well as a No Program
control group, compare in terms of increasing the critical thinking skills of high school
students. Toward this end, participants completed an assessment of their current critical
thinking level near the beginning of a semester as a pretest after 12 weeks or more as a
posttest. For comparative purposes, there was also a control group of No Program
participants, students who do not participate in any of the programs.
The research intended to compare how the students’ critical thinking levels
changed after participation in the different activities. For example, were the levels
different for each program at the pre- and posttest stage of the study, and if so, by what
degree? In addition, how do the change rates of students’ skill-levels compare among the
different programs (e.g. Do students in the Speech and Debate group have a higher level
than those in Robotics group?). Also, are the change rates of students within groups
similar or different (e.g. Do students who are involved in robotics show similar change
rates?).
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Further, the study aimed to examine the different program groups to determine
how changes in critical thinking ability relate to a student’s experience level in that
program. For instance, do students with more experience in speech and debate have
higher critical thinking levels than students with less experience in that program?
Additionally, the study planned to evaluate how indicators of academic success, such as
being on the school honor roll, the importance of graduating from high school, and the
importance of going on to college and career relate to critical thinking skill level. These
academic indicators and motivating factors are drawn from relevant research conducted
by Burkhart (2006) and Garcia-Gaston (2008). Consequently, the Research Objectives, or
ROs, of the study are listed below:
RO1 – Describe the characteristics of the study participants, including (a) type of critical
thinking-oriented program—Chess, Robotics, Speech and Debate, or No Program;
(b) pretest critical thinking level; (c) posttest critical thinking level; (d) years of
experience in the program, (d) whether the participant was currently on the honor
roll; (e) the perceived importance of graduating from high school, and (f) the
perceived importance of going onto college or career.
RO2 – Compare the change in critical thinking level between the different program types
(Chess, Robotics, Speech and Debate, or No Program).
RO3 – Determine the relationship between years of experience and critical thinking level.
RO4 – Compare the participants’ critical thinking levels, based on the pre- and posttest
survey, within groups.
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RO5 – Determine the relationship between indicators of academic success (current honor
roll status, perceived importance of graduating from high school, and the
perceived importance of going on to college/career) and critical thinking level.
The aim of RO1 was to collect the data needed to describe the relevant
characteristics of the study participants. The intent of RO2 was to compare the pre- and
posttest critical thinking levels of between the different program types, to determine
whether differences exist. The intent of RO3 was to evaluate whether there is a
relationship between years of experience (or no experience) in the critical thinkingoriented program and pretest-post-test critical thinking level. The intent of RO4 was to
compare the critical thinking pretest and posttest levels within the groups to determine if
the levels changed after current program involvement (or no-program involvement). And,
the intent of RO5 was to determine whether there is a relationship between indicators of
academic success and critical thinking level. Consequently, the study’s research
objectives align with the study’s purpose to look at the afterschool activities of chess,
robotics and speech and debate, and examine how they may influence the development of
critical thinking skills in students.
Conceptual Framework
According to Roberts and Hyatt (2019), a study’s conceptual framework serves to
generally guide and focus the research. This study intended to compare students’ critical
thinking levels after participating in the afterschool activities of chess, robotics, and
speech and debate. Critical thinking levels were assessed as a pretest near the beginning
of the semester and as a posttest at least 12 weeks later in the program. Several
researchers assert that participation in the afterschool activities of robotics, chess, and
11

speech and debate may potentially influence the development of students’ critical
thinking skills (Bartanen & Littlefield, 2015; Menekse et al., 2017; Thomas-EL, 2019;
Usart et al., 2019). This study intends to determine which afterschool program(s) may do
so most effectively. Moreover, both Constructivist Learning Theory and Problem-Based
Learning (PBL) Theory will guide the focus of this study. Each of the programs contains
constructivist and Problem-Based Learning (PBL) elements which may foster the level of
learning engagement with students (Lunenburg, 2011; Masek & Yamen, 2011). Figure 1
provides a representation of the conceptual framework for the research.
Figure 1.
Conceptual Framework

In constructivism, according to McLeod (2003, p. 40), learners “actively construct
knowledge based on experience.” Consequently, within constructivism, students learn
through active, immersive learning opportunities (McLeod, 2003). Developed by Jean
Piaget, constructivist learning theory offers a framework for evaluating how students
actively think and act at different developmental levels (Ackermann, 2001). For Piaget,
12

knowledge acquisition is not a one-way transmission from teacher to student, but a
process wherein knowledge is constructed through interactive experiences with an array
of people, places, and objects (Ackermann, 2001). Consequently, constructivist educators
often take an indirect approach in their teaching, acknowledging that students may not
simply accept what they are teaching, but each student interprets newly gained
knowledge through their prior experience and understanding (Ackermann, 2001).
Moreover, constructivist educators, drawing on Piaget’s viewpoint, recognize that
students will interpret what they have learned in their own ways, and may be resistant to
changing their ideas; however, that resistance is itself part of the learning process
(Ackermann, 2001). Additionally, the instructor or teacher still plays a key role in
constructivism, demonstrating to the learner how to construct meaningful experiences
(Ertmer & Newby, 1993).
Constructivist learning, according to McLeod (2019), is experiential, reflective,
self-directed, and perfected by the student through practice. Additionally, educators who
employ constructivist theory place emphasis on incorporating the learner’s own prior
educational experiences, understanding, and skills into the process (McLeod, 2003). The
strengths of constructivism include the fact that (a) students are presented with instruction
from many different perspectives, (b) learners can create their own interpretation of the
information they’re learning, and (c) students are able to problem-solve, develop new
skills, and gain a clearer understanding of the material by actively constructing
knowledge rather than passively receiving it (Ertmer & Newby, 1993; McLeod, 2003).
Problem-Based Learning (PBL) theory, developed in the late 1960s at the
McMaster Medical School in Canada, is a student-centered, hands-on learning method
13

based on investigating and solving complex, real-world problems (McMaster University,
2015; Learning Theories, 2020). According to PBL theory, students collaborate on an
unstructured problem that has no clear solution (Wirkala & Kuhn, 2011). The students
themselves may be unprepared for the specific problem at hand; however, they can work
together to seek out information, problem-solve, ask questions, draw on prior knowledge
and experience, and formulate solutions to ultimately solve the issue at hand (Wirkala &
Kuhn, 2011). In the process, gain targeted knowledge specific to the problem, as well as
other problem-solving skills and understanding (Wirkala & Kuhn, 2011). In a ProblemBased Learning context, educators take on the role of facilitators, helping students to
potentially (a) develop critical thinking skills, (b) enhance creative skills, (c) improve
problem-solving abilities, (d) increase motivation, and (e) assist students in applying their
knowledge to new, context-specific situations (Learning Theories, 2020). The key
elements of Problem-Based Learning include collaborative-learning in groups of
relatively small size, changing the role of teacher to facilitator, students guiding their own
self-directed learning, and basing the learning process around solving a complex problem
(McMaster University, 2015).
Having both constructivist learning theory and Problem-Based Learning theory
within the conceptual framework of this study provides a relevant means of guiding the
research. Each of the afterschool activities has constructivist and Problem-Based
Learning integrated into them by varying degrees. For example, robotics involves guiding
student team members in the constructivist-oriented, student-led building of experiences
through planning, designing, building, programming, and learning to operate the team
robot in competition (Menekse et al., 2017). In chess, students may construct their own
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cognitive skills through actively learning and playing the game (Thomas-EL, 2019). And
being involved in speech and debate provides an opportunity for students to problemsolve and construct their arguments to successfully compete (Bartanen & Littlefield,
2015).
Limitations
According to Ross and Zaidi (2019), limitations are the weaknesses in a study
design that can affect the research’s outcomes. Moreover, Price and Murnan (2004)
describe limitations as any systematic bias which the researcher could not control or
mitigate. This study had several potential limitations, which include limitations related to
the instrument used, the data collection used, and the sampling used (Price & Murnan,
2004; Ross & Zaidi, 2019). Regarding limitations that may stem from the instrument, one
relates to the instrument’s internal validity: if the instrument used is not a valid measure
for the study’s particular population, then that could be a limitation that adversely affects
the results (Price & Murnan, 2004). To control for this limitation, the instrument chosen
has proven to be a valid measure for students ages 12-18 (Minceoyer et al., 2001), so it
should be valid for the students in grades 9-12 in this study. Secondly, regarding the data
collection used, Ross & Zaidi (2019) assert that the study may have bias introduced by
the participants who choose to take part (self-selection bias). However, this limitation
was addressed by controlling for self-selection through use of a control group (Ross &
Zaidi, 2019). Third, the sampling method chosen may also introduce a limitation to the
generalizability of the study (Ross & Zaidi, 2019). This study employed purposive
sampling, which is known to adversely impact the generalizability of results (Trochim,
2020). However, purposive sampling is appropriate for targeting the suitable population
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for a study (Trochim, 2020), in this case, students involved in the relevant afterschool
programs in public schools.
Delimitations
According to Roberts & Hyatt (2019), delimitations are factors under the
researcher’s control that assist in focusing the scope of the study. Regarding
delimitations, this study only includes public school students in grades 9 through 12
involved in robotics, chess, and speech and debate, as well as a control group involved in
No Program, or none of the programs being evaluated. The students were from public
schools within two school districts, one district in the northern and one district in the
central part of a Southeastern state. The researcher did make contact with a third school
district which had possible participants for recruitment; however, that district did not
ultimately have any students who completed their participation (K. Brown, personal
communication, May 25, 2022).
The chess and speech and debate afterschool activities chosen for this study were
competitive programs sanctioned by the Mississippi High School Activities Association
(MHSAA). The robotics being evaluated in this research, FIRST (For Inspiration and
Recognition Science and Technology) Tech Challenge Robotics and VEX Robotics were
both competition-based robotics programs well understood by the researcher (FIRST,
2020a). In addition, the control group (students involved in No Program, or none of the
programs being evaluated) were selected from the same approved public-schools and
school districts. Consequently, this was a non-randomly selected sample of participants,
making it a quasi-experimental study (Trochim, 2020).
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Assumptions
According to Roberts and Hyatt (2019), assumptions are those factors the
researcher takes as given. Among the assumptions of this study were that the sample
student groups, gathered from public schools within two school districts in a Southeastern
state, were representative of the population of all high school students in the area. In
addition, the researcher assumed that responses received on the critical thinking skill
assessments accurately reflected each participant’s skill level. Moreover, it is assumed
study participants answered the assessment questions to the best of their ability (HallLay, 2018).
Definition of Key Terms
Important terms and key concepts found in this study are defined in this section.
These terms are defined to provide clarity for the reader.
1. Chess—A club and team-based afterschool activity in which students learn how to
play chess and may compete in matches which enable them to learn and develop
their skills in the game—while also potentially developing their critical thinking
skills (Chess Club Available for MHSAA Schools, 2020; E. Nelson, personal
communication, December 4, 2020; Milat, 1997).
2. Computational Thinking—A systematic means of solving problems and
understanding situations through working with computer-based devices,
computational thinking often complements critical thinking (Kules, 2016).
3. Constructivist Learning Theory—The theory that learning is developed through
students’ experiences, and those experiences are actively created within a learning
environment (McLeod, 2019; Savery & Duffy, 1995).
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4. Critical Thinking—Defined as effective reasoning and problem-solving, critical
thinking allows students to consider problems more deeply and solve them in
unique and innovative ways (Kivunja, 2015; P21, 2019b).
5. 4 C’s of 21st-Century Skills—The 4 C’s are creativity, collaboration, critical
thinking, and communication (Battelle for Kids, 2019). The 4 C’s are deemed the
most important of the 21st-century skills for students to understand because such
knowledge can mean the difference between being equipped or not equipped to
take on the challenges of 21st-century life and work (Battelle for Kids, 2019;
Kivunja, 2015; National Education Association, 2012; P21, 2019a).
6. Problem-Based Learning Theory—Problem-Based Learning or PBL theory,
developed in the late 1960s at the McMaster Medical School in Canada, is an
active, hands-on learning method based on investigating and solving complex,
real-world problems (McMaster University, 2015; Learning Theories, 2020).
7. Robotics—Programs designed to increase participants’ interest and understanding
of 21st-century skills such as critical thinking, problem-solving, computational
thinking and other knowledge by learning to work together collaboratively in
planning, designing, building, and operating a robot in competition (Caliskan,
2020; Menekse et al., 2017).
8. Speech and Debate—An afterschool activity based on students developing their
argumentative and speaking abilities through competition; speech and debate has
been shown to foster critical thinking skills in the process (Bartanen & Littlefield,
2015; Neihoff, 2020).
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9. 21st-Century Skills—Skills which are important for students to learn and be able
to utilize for college, career, and life in the 21st-century, such as adaptability, selfdirection, media literacy, and critical thinking (Battelle for Kids, 2019; National
Education Association, 2012).
Summary
In summary, students need to graduate from high school with the 21st-century
skills they need for success in college, career, and life (Kivunja, 2015; P21, 2019a).
Scholars and policymakers have honed the 21st-century skill framework down to four
essential skills (creativity, collaboration, communication, and critical thinking) essential
to preparing students for successful futures, and of these, critical thinking is of paramount
importance (Haber, 2020; P21, 2019a; Williams, 2017). Scholars assert that critical
thinking underlies mental processes such as reasoning, analyzing and problem-solving,
and is connected to other 21st-century skills such as creativity and communication
(Halton, 2019; Kivunja, 2015; National Education Association, 2012). The significance
of the study is based on extending the knowledge base of this subject, which can be
utilized by educators, program leaders, and policymakers to determine whether the
afterschool programs evaluated may serve students in helping them prepare for life and
work in an increasingly complex world (Battelle for Kids, 2019; National Education
Association, 2012).
The remainder of this study is organized into four chapters, followed by
references and appendices. Chapter 2 presents a review of the relevant literature
regarding 21st-century skills in general and critical thinking in particular, methods being
used to foster these skills among students, as well as the learning theories which underlie
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the conceptual framework of the study. Chapter 3 describes the study’s research design
and methodology. A description of the research instrument used, procedures followed,
and sampling methods utilized are also described. Chapter 4 consists of the data analysis
and findings. Chapter 5 contains the study’s summary, conclusions, and
recommendations. The study concludes with references and appendices.
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CHAPTER II - LITERATURE REVIEW
This chapter provides a current review of the literature. As defined by Roberts and
Hyatt (2019), the literature review provides a summary and synthesis of the scholarly
articles, support materials, and current research regarding the overall topic, which for this
research is the 21st-century skill of critical thinking and the afterschool programs aimed
at assisting students in developing this important skill. The chapter is organized to
provide an overview of (a) the Framework for 21st-Century Learning and the role of
critical thinking within that framework; (b) a description of how critical thinking fits
within Bloom’s Taxonomy; (c) a summary of the overall challenges of educating students
in 21st-century skills; (d) a comprehensive overview of the use of afterschool programs
for developing 21st-century skills, particularly critical thinking; and (e) a summary of the
chapter.
Many high school students are graduating without certain competencies necessary
to compete and succeed in college, career, and in life (Battelle for Kids, 2019; Carlgren,
2013; Haber, 2020; Kivunja, 2015; Wallace, 2014). A decade ago, the National
Education Association identified this problem and developed, with guidance from
educators, business leaders, and experts in the field, the Framework for 21st-Century
Learning, based on six elements that are foundational to guiding students in such learning
(Battelle for Kids, 2019; P21, 2019b). The six elements of the Framework for 21stCentury six elements are as follows:
1. Developing core subjects such as math, science, English, and history, along with
21st-century skills.
2. Developing learning skills.
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3. Utilizing 21st-century tools in fostering these learning skills.
4. Teaching and assisting students in learning within a 21st-century context.
5. Further developing a new 21st-century context for learning within core subjects.
6. Utilizing 21st-century assessments to measure the development of both core
subjects and 21st-century skills (Battelle for Kids, 2019; P21, 2019b).
Additionally, the Framework for 21st-Century Learning contains three
interrelated components: Life & Career Skills, Information Media & Technology Skills,
and Learning & Innovation Skills (Battelle for Kids, 2019) which overlay traditional core
subjects and are meant to be taught in tandem with 21st-century skills (Battelle for Kids,
2019; P21, 2019b). According to the Partnership for 21st-Century Learning’s framework,
Life & Career Skills, which include such skills as flexibility, adaptability, leadership and
self-direction, are essential for students to be able to navigate modern work and life
situations (P21, 2019b). Information Media & Technology skills, which include media
literacy, technology literacy and information literacy, are needed by students because
they live in a world with an unprecedented abundance of information and technology to
successfully navigate (P21, 201b). The third component, Learning and Innovation Skills,
are those skills that make the difference between students who are prepared for life and
work in the 21st-century and those who are not (P21, 2019b). The Learning and
Innovation Skills component is made up of the 4 C’s of 21st-century skills: critical
thinking, communication, collaboration, and creativity (Battelle for Kids, 2019; P21,
2019a). According to scholars and policymakers, the 4 C’s are key to preparing students
for the evermore complex society of today (Battelle for Kids, 2019; Kivunja, 2015). In
fact, the 4 C’s have been dubbed super skills by the Partnership for 21st-Century
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Learning because they are essential to success in college, career, and life in the modern
age (Kivunja, 2015).
Critical Thinking Key Among 4 C’s
Defined as effective reasoning and problem-solving, critical thinking allows
students to consider problems more deeply and solve them in unique and innovative ways
(Kivunja, 2015; P21, 2019b). For example, students who finish high school without
sufficient critical thinking skills may be unable to think through the complex problems
which often occur in the real world (Anis, 2017; Haber 2020). Adding to this problem is
the fact that students continue to struggle with how to develop and use critical thinking
skills in their lives (Stupple et al., 2017). Thus, according to Kivunja (2015), having the
ability to think critically is increasingly important in our complex, innovation-driven
society.
Combined and defined together with problem-solving within the 21st-Century
Learning Framework, critical thinking is the ability to reason effectively (Battelle for
Kids, 2019). Moreover, critical thinking and problem-solving are aligned with thought
processes such as analyzing, reflecting, decision making, and reasoning (Halton, 2019,
Kivunja, 2015; National Education Association, 2012). The Partnership for 21st-Century
Learning expands the effective reasoning aspect of critical thinking to include several
important aspects. These aspects are as follows:
1. The ability to use inductive, deductive, and other types of reasoning when
appropriate.
2. The ability to utilize systems thinking and analyze how parts of complicated
systems interact in producing overall outcomes.
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3. The ability to make decisions and rational judgments.
4. The ability to analyze evidence, claims, and arguments.
5. The ability to make connections and synthesize information.
6. The ability to draw conclusions following analysis.
7. The ability to critically reflect upon processes and experiences (Battelle for Kids,
2019; P21, 2019b).
Further, The Partnership for 21st-Century Learning has also expanded the
problem-solving aspect of critical thinking to include (a) the ability to solve various
complex problems, whether familiar or not, using conventional or innovative methods;
and (b) the ability to ask relevant questions that help to clarify viewpoints and lead to
well-considered conclusions (Battelle for Kids, 2019; P21, 2019b). These overall
definitions of critical thinking from the Partnership for 21st-Century Learning are being
provided because they are the ones used to inform this study.
Bloom’s Taxonomy and Critical Thinking
Kivunja (2015) points to Bloom’s Taxonomy in conveying how critical thinking
involves many higher-level cognitive processes, such as analyzing, evaluating, and
developing ideas. Bloom’s Taxonomy, created by Benjamin Bloom in the 1950s, consists
of six reasoning-skill categories that range from cognitive tasks necessitating lower-level
cognitive processing to higher-level cognitive processing (Adams, 2015; Bloom, 1956).
Critical thinking primarily involves the increasingly complex top four levels of Bloom’s
Taxonomy pyramid, which are Application, Analysis, Synthesis, and Evaluation (Adams,
2015). Consequently, critical thinking is fundamentally important to the learning process,
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because if a student cannot engage in these higher-order cognitive processes, they may
not be able to learn effectively (NEA, 2012; P21, 2019b).
Bloom’s Taxonomy is a pyramid-shaped model developed for educators to be
able to classify the reasoning levels often required in learning situations, with Knowledge
at the ground level of the pyramid and Evaluation at the top (Bloom, 1956). The levels,
starting at the bottom and going up the pyramid, are as follows: (a) Knowledge—The
information gained from a lesson; (b) Comprehension—The information that was taken
in and understood; (c) Application—How the knowledge is used and applied; (d)
Analysis—Looking for the factors of a problem to come up with a solution; (e)
Synthesis—Employing the factors in developing new solutions; and (f) Evaluation—
Fully assessing information and drawing conclusions as to its value or bias (Bloom,
1956). Bloom (1956) asserts that teachers should endeavor to have their students move up
to the higher levels of the taxonomy where they can better develop their critical thinking
skills. However, school tests are still often designed to simply measure knowledge, which
is at the bottom of the taxonomy (Bloom, 1956). The overall purpose of the taxonomy is
to support the development of what Bloom believes to be the most important skill
students need for successful learning, the skill of critical thinking. The scholar succinctly
stated his view on the fundamental importance of critical thinking in learning in Bloom
(1956):
In the end, it is supremely important that we as educators help our students
become critical thinkers. Building on knowledge and helping kids begin to apply,
analyze, synthesize, and evaluate is the key to helping them grow and prosper in
school and beyond. (Bloom, 1956, p. 22)
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The Challenge of Fostering 21st-Century Skills
The American education system has consistently lagged for decades in providing
students with needed 21st-century skills training, even as American society has embraced
the digital age (Calgren, 2013; Kivunja, 2015). Why is this so? Scholars assert there are a
number of reasons for this persisting issue. For example, Calgren (2013) and Breslin
(2016) point to several factors that have impeded 21st-century skills education, including
a typical conflict that teachers face: the conflicting demands of training students in
needed college, career, and life skills and teaching them how to score well on
standardized achievement tests. Teachers today are under significant pressure to deliver
results on achievement tests, and such skills training is often not prioritized (Calgren,
2013). In addition, Calgren (2013) conveys that a second factor stems from the inherent
complexity of teaching these skills. Educators are often hesitant to lead such skills
training as they lack sufficient knowledge, practice, and understanding to do so
(Carlgren, 2013). Breslin (2016) adds that teachers must cover so much material at a
basic level, there is no time for training in skills such as critical thinking.
Assessing 21st-century skills development among students remains a persistent
challenge (Silva, 2009). Moreover, although the world continues to change rapidly,
schools have not kept up (Kivunja, 2015). Yes, Common Core Standards to make
students Career and College Ready have been implemented in many states (Kivunja,
2015). However, even though some traditional schools and educators have implemented
21st-century skills training in their classrooms, the factors affecting teachers and the
education system mentioned above continue to prevent the full-scale implementation of
21st-century skills training in traditional classrooms (Breslin, 2016; Calgren, 2013).
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For today’s students, effective 21st-century skill development will take
innovative, technology-infused approaches that make these skills meaningful and allow
for their application in real ways (King, 2012; P21, 2019a). The 21st-century skills,
particularly higher-order skills such as critical thinking, must be incorporated throughout
the curriculum, woven into the core subjects, and not simply added as an afterthought
(King, 2012; P21, 2019a). Scholars also assert that we must move forward from an
outdated education system developed for a society and a world long past and provide the
skills students need in an increasingly global, knowledge-based marketplace (Battelle,
2019; Kivunja, 2015; NEA, 2012). Regarding this assertion, King (2012) conducted a
mixed-methods study to examine how schoolteachers in a New Jersey school district
understood the need for students to possess sufficient 21st-century skills. The King
(2012) study was based primarily on data collected from a quantitative teacher survey
and qualitative focus groups with teachers; survey data aimed to identify what types of
resources were necessary for the promotion of the students’ 21st-century skills; and the
creation of 21st-century learning environments at the district’s schools. Of the 335
elementary school teachers in the district, a purposive sample of 52 teachers participated
in the survey and follow-up focus groups (King, 2012). Among the study’s findings were
that in terms of knowledge, importance, and assessment abilities of 21st-century skills,
100% of the 52 study participants perceived 21st-century skills to be important for their
students' workplace success, and 85% of participants indicated that they had some level
of understanding of these skills. However, 31% stated they were not confident in their
assessment abilities regarding student 21st-century skill development (King, 2012). The
study’s author states that this lack of confidence may be related to the increased emphasis
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on standardized testing, which Calgren (2013) pointed to as well for hurting 21st-century
skills education (Calgren, 2013; King, 2012). Also relevant is the statement by King
(2012) that basic skills assessments, such as standardized tests, need to be deprioritized to
make way for more high-level skills assessments. Bloom (1956) would agree, as he
asserted that teachers should move up from basic knowledge assessment through their
testing.
In summary, teachers need new approaches to ensure students can develop the 4C’s of 21st-century skills, and in particular, their critical thinking and problem-solving
abilities (Battelle for Kids, 2019; Bloom, 1956; P21, 2019a). For instance, if educators
can build on the 21st-Century Learning framework, they will be able to combine the
knowledge, skills, support systems, and standards so that students can be more prepared
for success (P21, 2019b). In addition, the assessment and teaching of these skills must be
a committed effort by all stakeholders, and not simply an add-on to the current
curriculum. Moreover, effectively educating students in such skills will require an
infusion of innovative, technology-oriented approaches and fully considering this issue in
bold, untraditional ways (Calgren, 2013; King, 2012; P21, 2019a). In conclusion, with the
importance of the 4 C’s—particularly critical thinking—established, the next section will
consider how critical thinking-oriented afterschool programs are being used to potentially
foster this important 21st-century skill.
Extracurricular Methods of Developing Critical Thinking Skills
In the literature, several extracurricular programs foster the development of
critical thinking. This study focuses on chess, robotics, and speech and debate because
they are in high schools and community-based team competitions across the state
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(MHSAA, 2020a; University of Mississippi, 2020; 2022 VRC High School Mississippi
State Championship, 2022). All of the aforementioned afterschool activities share the
aspect of team competition (MHSAA, 2020a; University of Mississippi, 2020; 2022 VRC
High School Mississippi State Championship, 2022). Additionally, chess, robotics, and
speech and debate also have aspects of constructivist, problem-based learning, in that
learning is developed through the students’ experiences (Savery & Duffy, 1995), and
students actively learn through solving problems or challenges (Learning Theories, 2020;
McMaster University, 2015). Through chess for example, students develop critical
thinking skills by learning and competitively playing the game (Thomas-EL, 2019); in
Speech and Debate, team members engage in competitive intellectual play and train in
critical thinking skills to better develop their arguments (Bartanen & Littlefield, 2015;
Inman, 2017; Zare & Othman, 2015); and in robotics programs, the skill of critical
thinking is fostered through robotics’ emphasis on developing active, informal learning
contexts in which the student team members can do their work, according to Usart et al.
(2019). Each of these extracurricular activities will be explained in the following
sections.
Chess
Chess is an intellectually challenging game that has long been an educational tool
used to help school students learn to think critically (Milat, 1997). Educators can employ
chess in this way because it is inherently a mental game; to be successful, students need
to make reasoned assessments, think reflectively, and problem-solve strategically, each
key components of critical thinking (Milat, 1997). Moreover, chess also requires a player
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to carefully analyze the position of each of their pieces on the board, and accurately
analyzing situations is another important aspect of critical thinking (Berkely, 2012).
As an afterschool or in-school activity, chess clubs and competitive chess go
hand-in-hand, and competitive high school chess was recognized as an activity of the
Mississippi High School Activities Association in 2019 (E. Nelson, personal
communication, December 4, 2020; U.S. Chess Federation, 2020). Students learn and
hone their skills in elementary, middle, and high school chess clubs, then try out for the
high school chess team for grades 9-12 (E. Nelson, personal communication, December
4, 2020). A chess program coordinator for Desoto County, who assists students in getting
students of all grade levels involved in chess clubs and the MSHSAA competitive chess
program, related several facets of the program in area schools (E. Nelson, personal
communication, December 4, 2020). These facets are as follows:
1. In MHSAA chess matches, teams compete round-robin-style, 4-person team
against 4-person team.
2. The best player on one team always competes against the best player on another.
3. Larger schools often have more than one 4-player team competing.
4. The U.S. Chess Federation rates each player.
5. High school teams, during the pandemic, have an average of one in-person
practice per week.
6. Competitive chess teams and chess clubs are school-based activities that take
place during the school year.
7. With the recent pandemic, players can now practice and play with other players
from across the globe, online.
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8. Players can play and practice free online through lichess.org (E. Nelson, personal
communication, December 4, 2020).
According to the U.S Chess Federation, the goals of developing school chess
programs include a) increasing the use of chess as an educational tool; b) growing the
recreational and therapeutic use of chess; and c) expanding chess-playing opportunities
among under-represented groups (U.S. Chess Federation, 2020). The use of chess to
foster cognitive and critical thinking skills among inner-city middle school students was
the focus of qualitative research by Thomas-EL (2019). Inner-city students, according to
the researcher, can often benefit from afterschool programs such as competitive chess,
which aim to bolster their confidence level, resilience, and critical thinking ability while
providing a safe space to spend time outside of traditional school time (Thomas-EL,
2019). Moreover, chess programs can provide students with the ability to develop
relationships with adult role models; students can also gain support and guidance, have
the chance to travel and gain the opportunity to do something positive and engaging,
which can all help students become more successful in life (Thomas-EL, 2019). In
addition, this research aimed to examine the problem of inner-city students who, even
though they possess intelligence, still may lack the critical thinking/problem-solving
ability needed to make smart, thoughtful choices and decisions (Thomas-EL, 2019).
The study by Thomas-EL (2019) was based on semi-structured interviews of
students involved in the two inner-city, afterschool chess programs developed by the
researcher. Six participants in the study, ages 18-35, were selected based on being part of
the middle school chess program offered at the school they attended as an afterschool
activity. The list of interview questions included a section on Chess Outcomes which
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examined each participant’s perception of how chss may have helped them build critical
thinking or cognitive ability; a number of participants stated that being involved in chess
after school significantly impacted their critical thinking ability (Thomas-EL, 2019).
In a mixed-methods study regarding the effects of chess instruction on critical
thinking, Berkley (2012) looked at whether there was a correlation between achievement
in chess and critical thinking. Berkeley (2012) also looked at whether chess instruction
improved critical thinking. The study population included community college math
students who were instructed in chess for eighty minutes each week for nine weeks, and
the measure of critical thinking was the Watson-Glaser Critical Thinking Appraisal
(Berkley, 2012). The quantitative component of the research showed only a weak
relationship between achievement in chess and critical thinking; moreover, chess
instruction itself did not increase students’ critical thinking ability (Berkely, 2012).
However, in the qualitative portion of the research, students did perceive that their
problem-solving ability improved through chess instruction (Berkely, 2012).
Robotics
Several researchers, scholars, and educators are asking the question of whether
robotics may be an effective means of transforming K-12 education and fostering 21stcentury skills as educational robotics initiatives such as FIRST Robotics and VEX
Robotics make their way into schools and afterschool settings (Alimisis, 2013; Caliskan,
2020; Eguchi, 2013; Karim et al., 2015; Menekse et al., 2017). For example, Alimisis
(2013) asserts that robotics can potentially bolster student learning in various subject
areas, particularly creative thinking, problem-solving, decision-making, and
communication. Eguchi (2013) illustrates how educational robotics can assist educators
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in developing engaging, hands-on learning environments that are fun for students.
Caliskan (2020) asserts that robotics can help students build problem-solving skills. In a
quasi-experimental pretest-posttest modeled study, Caliskan (2020) found that middle
schoolers improved their problem-solving through nine weeks of robotics, primarily
through the mechanically oriented coding involved. Additionally, Khanlari (2013)
asserts that numerous studies show how robotics can improve 21st-century problemsolving, decision-making, creativity, and teamwork. For example, in a qualitative study,
most of the teachers perceived that educational robotics is effective in fostering several
21st-century skills (Khanlari, 2013).
FIRST and VEX, the robotics programs included in this study, are worldwide
organizations aimed at inspiring young people to develop not only STEM skills but also
critical thinking, collaboration, and creative problem-solving (Caliskan, 2020; Comer
2018; FIRST, 2020a; FIRST 2020b; VEX, 2022a; VEX 2022b). FIRST and VEX also
have programs particularly for middle to high school students who want to participate in
a competitive, alliance-based, sports-modeled activity (FIRST, 2020c; VEX, 2022a).
According to FIRST (2020d), the FIRST Tech Challenge program for team members in
grades 7-12 has the following components:
1. Students typically are on teams of 15 or fewer team members.
2. Team members develop STEM and other important skills through designing,
building, programming, and operating a robot in competition.
3. Participants have the opportunity to develop problem-solving, team-building, and
organizational skills.
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4. Participants learn from mentors and robotics coaches who guide the team
throughout the program (FIRST, 2020d).
Although the programs are very similar, each has a slightly different age-range for
team members: VEX Spin Up is for students in grades 6 through 12, FIRST FTC is for
team members in grades 7 through 12 (FIRST, 2020d; VEX, 2022b). In addition, the
ideal number of team members on VEX teams ranges from 4 to 8 (VEX Robotics
Competition, n.d.). Moreover, the competitive seasons are virtually the same, with
competitive seasons kicking off in late August and going through March/April, including
state and world championships (B. Davis, personal communication, March 8, 2022; B.
Richardson, personal communication, October 7, 2021). Moreover, FIRST and VEX
have off-season activities to varying degrees (B. Richardson, personal communication,
October 7, 2021). Additionally, in both FIRST Tech Challenge and VEX Spin Up,
standard robotics matches take place on 12’ X 12’ playing fields, with two teams forming
an alliance to compete against another alliance (FIRST, 2020c; VEX 2022b).
Robotics incorporates the 4 C’s in its many robot-centered activities, mainly
through the students working creatively and collaboratively, communicating as a team,
and thinking critically to design and build a robot for competition (Comer, 2018; FIRST,
2020b; VEX, 2022a). Researchers have looked at various robotics programs, and their
results have shown, to varying degrees, that student participation in robotics can indeed
foster development and learning of the 4 C’s, such as collaboration, creative thinking, and
problem-solving (Caliskan, 2020; Ma & Williams, 2013; Menekse et al., 2017). In
particular, critical thinking and problem-solving are fostered through robotics’ emphasis
on developing active, informal learning (Usart et al., 2019). Student participants in
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robotics competitions often perceive that they are actively improving their real-world
problem-solving skills in this context (Usart et al., 2019). Further, Ma and Williams
(2013) assert that the challenging activities of robotics can engage students in learning
key 21st-century skills. For example, the computer programming aspect of robotics
contributes to team member development of critical thinking/problem-solving skills (Ma
& Williams, 2013).
The perception among students that they are developing critical ability through
robotics is not only reflected in the work of researchers (Usart, 2019). This perception is
also reflected in the anecdotal accounts of robotics participants and alumni themselves,
who state that participating in the program led them to develop problem-solving skills
which in turn allowed them to tackle abstract, complex problems later in their careers
(Gomez, 2020; Kaplan, 2020). Often referred to as work-life skills by robotics coaches
and mentors, these skills include the 4 C’s of creativity, collaboration, communication,
and critical thinking, among others (Comer, 2018).
Speech and debate
In the literature, speech and debate has improved critical thinking skills among
high school students (Iman, 2017). Participants engaged in competitive debate must
utilize critical thinking to succeed in the activity (Bartanen & Littlefield, 2015).
Moreover, students involved in speech and debate also perceive that such involvement
increases their critical thinking abilities (Zare & Othman, 2015). For example, in a quasiexperimental study of how involvement in a competitive speech and debate program
contributed to improving student critical thinking and speaking skills, Iman (2017)
concluded that involvement in debate improved these skills to a significant degree.
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Students involved in the World School Debate Championship program achieved higher
assessment scores than students in the control group. In addition, there was a significant
difference in the mean scores of critical thinking and speaking between those who
participated in the program and those who did not (Iman, 2017). The researcher also
found that the competitive debate curriculum enabled students to work collaboratively
and employ critical thinking to look at issues, analyze data, and sort through information
with their teammates (Iman, 2017).
As an extracurricular activity, high school debate involves student team members
actively voicing their arguments, supporting their positions, and listening to opposing
viewpoints while learning a host of new skills (Neihoff, 2020). Across the country,
thousands of students engage in various types of debate programs (Neihoff, 2020).
According to the state program coordinator for the Mississippi High School Activities
Association (MHSAA), there are many critical facets regarding speech and debate
programs in the state (S. Cole, personal communication, December 1, 2020). These facets
are as follows:
1. Speech and debate programs began in the 1980s, with the level of participation
increasing rapidly in recent years.
2. In 2020, approximately 40 to 50 teams were involved through MSHAA, with 25
to 30 actively participating.
3. Most teams have a teacher/coach, with the assistance of alum mentors; team size
ranges from 30-35 members for larger schools, ten members for smaller schools.
4. Teams practice after school a number of times a week, with practices increasing
during the competitive season, which runs from September through June.
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5. Students compete in up to four events per competition, based on three primary
categories of Speech, Debate, and Interpretation;
6. Competitions are organized similarly to swim meets, with team winners being
winners of the most events;
7. During the pandemic, the program and competitions have transitioned to hybrid or
virtual activities (S. Cole, personal communication, December 1, 2020).
Regarding student perceptions of whether scholastic debate develops their critical
thinking and speaking ability, Zare and Othman (2015) conducted a mixed-methods study
of college undergraduate students, which found that students believed debate improved
both speaking ability and critical thinking skills. The study’s results overall found that
many students perceived that classroom debate helped them to (a) think more critically
and to do so more quickly; (b) look at problems from different perspectives; (c) search
for more support for their arguments; and (d) take new considerations into account (Zare
& Othman, 2015). The students expressed their perceptions that classroom debate was
helpful, enjoyable, and interesting through the qualitative, open-ended questions;
however, students had never taken part in debate before, and consequently, all expressed
initial nervousness about participating (Zare & Othman, 2015). In addition, Zare and
Othman (2015) cite the literature to point out that debate can enhance critical thinking in
all its aspects, including gathering evidence, preparing rebuttals, making arguments,
defining and analyzing issues, identifying and evaluating assumptions, and gathering
relevant information (Zare & Othman, 2015).
Looking at how speech and debate has influenced education in the U.S., Bartanen
and Littlefield (2015) assert that the activity has been a powerful educational tool dating
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back for centuries. According to the scholars, the effectiveness of speech and debate
stems mainly from the fact that debate is a knowledge-generating activity: Participants
build new knowledge for themselves through the act of debating (Bartanen & Littlefield,
2015). Furthermore, the scholars contend that debate leads to developing critical thinking
and speech skills through a high level of engaging, intellectual game-play: Participants
must think critically in real-time while listening to their opponents and actively
responding with new arguments (Bartanen & Littlefield, 2015). Moreover, the scholars
assert that speech and debate is open to a broader range of students than other
competitive academic activities, students who would not otherwise have the opportunity
to gain these skills (Bartanen & Littlefield, 2015). For example, citing their own previous
research, the scholars explain how speech and debate bolsters academic achievement for
minority students in urban public schools, with organizations such as the Urban Debate
League bringing the practice into schools across the country in recent years (Bartanen &
Littlefield, 2015). The increased accessibility of speech and debate compared to other
critical thinking-oriented activities may be relevant to this comparative study.
Programs in Relation to Constructivism and Problem-Based Learning
The critical thinking-oriented programs of chess, robotics, and speech and debate
possess varying degrees of constructivist and Problem-Based Learning (PBL), which,
according to the literature, may foster the programs’ level of learning engagement with
students (Lunenburg, 2011; Masek & Yamen, 2011). Consequently, the conceptual
framework of this study includes both constructivist and PBL theory. Regarding
constructivism, Mikropoulos and Bellou (2013) assert that active knowledge construction
and use of robotics as mindtools enhance the learning experience of students.
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Mikropoulos and Bellou (2013) state that the primary principles of constructivism are
user-focused interaction, real problem-solving situations, learning experiences that
coincide with building knowledge, and learning that is collaborative in nature. According
to the researchers, when constructivist methods are applied, students do not simply
“learn from technology, but they learn with technology (Mikropoulos & Bellou, 2013).

Regarding constructivism and chess, Wesche (2011) conducted a quantitative
study in which novice chess players received a 45-minute, constructivist-style lesson in
fundamental chess skills, and tested the effects of the lessons; a treatment group received
chess lessons provided in a behaviorist style. Results of the study showed that the
treatment group of novice players who received behaviorist-style lessons scored higher
on the posttest than the receivers of constructivist-style lessons (Wesche, 2011).
However, the researchers noted the need for more research to determine the effectiveness
of constructivist-style learning (Wesche, 2011).
Although the researcher could not find studies directly assessing constructivism or
Problem-Based Learning (PBL) in speech and debate instruction, Ahlfeldt (2004)
conducted a study on students engaged in public speaking courses in PBL classrooms; the
researcher compared the effects of such engagement to public speaking students in
traditional classrooms. The study found students in the PBL classrooms were better
prepared with their speeches, significantly more engaged in class, and experienced
somewhat less anxiety than their traditional classroom counterparts (Ahlfeldt, 2004).
Regarding robotics and Problem-Based Learning, Lykke et al. (2014) examined a
PBL approach used with students in a programming class. In a study qualitatively
comparing three learning approaches, (a) PBL, (b) PBL combined with LEGO
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Mindstorm Robotics, and (c) a traditional teacher-led design for the control group, the
researchers evaluated each for effectively motivating students and reducing dropout rates
in an introduction to programming class (Lykke et al., 2014). Study results found that the
PBL design appeared to be the most effective of the three in increasing collaboration,
interaction, and feelings of well-being among the participants; additionally, the PBL with
robotics design was motivational to students; however, educators needed to provide more
details to students about programming and robot-based project tasks for that approach to
be effectively motivating (Lykke et al., 2014).
Regarding Problem-Based Learning and chess, speech and debate, and robotics,
all three programs align directly with components of PBL theory. For example, the
programs each involve students engaging in an open-ended problem and, to varying
degrees, collaborating on solutions to that problem (Yew & Goh, 2016). Likewise, the
components of constructivist learning theory can be found in all three programs included
in this study, namely that learning is an active, ongoing process, with knowledge being
constructed by learners with prior experience and contexts in mind, while educators take
on the role of motivators who guide the process of creating understanding (Kurt, 2021).
Summary
Educators are implementing several afterschool programs to help students
develop the skills needed in our increasingly decision-based society (MHSAA, 2020a;
University of Mississippi, 2020). There is an established educational framework for 21stcentury skill development among students (P21, 2019a). Through the framework,
teaching these skills is meant to be combined with core subjects such as math and science
using 21st-century tools, e.g., computers (P21, 2019a). Moreover, in the literature,
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several critical thinking-oriented extracurricular activities are highlighted that can
potentially foster these skills among students, including robotics, chess, and speech and
debate (Bartanen & Littlefield, 2015; Inman, 2017; Thomas-EL, 2019; Zare & Othman,
2015). Consequently, this quantitative, quasi-experimental study compared chess,
robotics, and speech and debate programs regarding student development of critical
thinking ability. The methodology used for the study is detailed in Chapter 3.
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CHAPTER III - METHODOLOGY
This chapter provides a description of the methodology used to evaluate and
compare the critical thinking scores of public high school students who participate in
chess, robotics, and speech and debate. This study is quantitative and quasi-experimental
in design, comparing scores on an assessment measuring the critical thinking skill level
of students who voluntarily participate in the critical thinking-oriented activities
examined in this study. The study’s results aimed to determine which afterschool
program may be more effective in fostering the development of critical thinking ability.
The independent variable evaluated in the study is the type of critical thinking-related
program (Statistics, 2018). The dependent variable is the students’ critical thinking skill
level, measured by scores on a proven, published critical thinking assessment, Critical
Thinking In Everyday Life (Mincemoyer et al., 2005). Responses to the confidential, selfadministered survey given to the different program groups, including a No Program
control group, were evaluated through data analysis to determine whether statistically
significant differences exist between the various program groups. The researcher
analyzed the data to compare the groups and determine whether differences exist between
them and what those differences indicate.
Research Objectives
This study addresses five research objectives to evaluate an overarching question:
how do the critical thinking-oriented afterschool programs of Chess, Robotics, and
Speech and Debate compare in regard to fostering the critical thinking skills of high
school students? Consequently, the research examines the effects of the different
programs on participants’ critical thinking skill levels. For example, the study looks at
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how the change rates of students’ critical thinking skill levels compare among the
different programs and evaluates whether the change rates of students in the various
groups are similar or different. Moreover, the research also examines whether indicators
of academic success, such as being on the school honor roll, the perceived importance of
graduating from high school, and the perceived importance of going on to college or
career correlate with higher scores on the critical thinking assessment (Burkhart, 2006;
Garcia-Gaston, 2008).
Consequently, the Research Objectives, or ROs, developed through a review of
the literature, are listed below:
RO1 – Describe the characteristics of the study participants, including (a) type of criticalthinking-oriented program—Chess, Robotics, Speech and Debate, or No Program;
(b) pretest critical thinking level; (c) posttest critical thinking level; (d) years of
experience in the program, (d) whether the participant was currently on the honor
roll; (e) the perceived importance of graduating from high school, and (f) the
perceived importance of going onto college or career.
RO2 – Compare the change in critical thinking level between the different program types
(Chess, Robotics, Speech and Debate, or No Program).
RO3 – Determine the relationship between years of experience and critical thinking level.
RO4 – Compare the participants’ critical thinking levels, based on the pre- and posttest
survey, within groups.
RO5 – Determine the relationship between indicators of academic success (current honor
roll status, perceived importance of graduating from high school, and the
perceived importance of going on to college/career) and critical thinking level.
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To collect data for Research Objectives 1 and 5, the assessment provided a
demographic question regarding which critical thinking-oriented program the participant
takes part in (chess, robotics, speech and debate). Further, whether the participant is on
the honor roll or not, and how important is graduating from high school, and how
important is going on to college or career was also collected. To collect data for Research
Objectives 2, 3, and 4, the researcher used a proven critical thinking assessment to
determine the respondents’ current critical thinking skill.
Research Design
This study is quantitative and quasi-experimental in design. The purpose of
quantitative research is to analyze statistical data and evaluate a causal hypothesis
(Shadish et al., 2002). Shadish et al. (2002) further state that quasi-experimental research,
like all experimental research, is used for testing causal hypotheses; however, quasiexperimental research does not possess the random assignment of participants in its
groups. This lack of random assignment defines such research as quasi-experimental
(Trochim, 2020). Additionally, quasi-experimental research is often employed in cases
when random assignment is not suitable (Trochim, 2020), as is the case with this study;
the sampling is dependent on gathering members of particular groups. Thus, for this
research, purposive sampling, which is sampling for a particular purpose, was used
(Trochim, 2020).
The researcher also used a pretest-posttest control group design for the study. In
pretest-posttest designs, the assessment or test is given to all study participants prior to
the event, and then after the event has taken place (Ohlund & Yu, 2010). In this case,
participants were given a pretest to determine baseline scores in critical thinking ability
44

near the beginning of the semester in a critical thinking-oriented program, or noninvolvement of the control group. Then, after their involvement in the particular program
(or non-program involvement for the control group), participants completed a posttest
survey. Similarly, Burkhart (2006) utilized a pretest-posttest control group design to
evaluate the differences in skill level resulting from explicit and embedded critical
thinking curricula. Ah-Nam and Osman (2017) also used a pretest-posttest control group
design to examine and compare the effects of a game-based application to more
conventional methods of fostering 21st-century skills in students. Additionally, Anazifa
(2016) used a pretest-posttest control group design to examine the effects of problembased learning on the critical thinking skills of 10th-grade science students.
Population
The population for the study consisted of high school students in grades 9-12
from public schools within two geographically separate school districts of a Southeastern
U.S. state. Students who take part in chess, robotics, and speech and debate comprised
the study population, which was gathered purposively: all of the students who wished to
participate and received parental consent were allowed to do so (Trochim, 2022).
Purposive sampling, or sampling “with a purpose in mind” (Trochim, 2022, para. 4), is a
type of non-random, non-probability sampling used when the researcher is looking for a
specific target group, such as in the case of this study. The study also included a control
group of students who do not participate in any of the evaluated programs, to compare the
effects of non-program involvement on critical thinking level, as described in Burkhart
(2006) and Ohlund & Yu (2010). This control group was recruited from among the same
high schools as the groups involved in the other activities.
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Preparing for study during COVID
In preparation to conduct the study, the researcher first contacted statewide
program directors, district program coordinators, teachers, and coaches of the various
afterschool activities beginning in August of 2020 (S. Cole, personal communication,
November 11, 2020; L. Dawson, personal communication, August 24, 2020; M. Everson,
personal communication, August 25, 2020; M. Lowe, personal communication, August
26, 2020; E. Nelson, personal communication, December 3, 2020). Additionally, the
researcher communicated with a state robotics coordinator of robotics and an assistant
director of programs for the Mississippi High School Activities Association (L. Dawson,
personal communication, August 24, 2020; M. Lowe, personal communication, August
26, 2020). Both stated that they would assist in connecting the researcher to program
educators, coaches and coordinators for the study (L. Dawson, personal communication,
November 11, 2020; M. Lowe, personal communication, August 26, 2020).
In May of 2021 as part of the IRB review process, the researcher learned that
approval to conduct the study in schools would need to come from the superintendents of
any participating school districts (Q. Brown, personal communication, May 4, 2021).
Preliminary communication with school superintendents had begun in June of 2020, with
the researcher making contact with the superintendent of a nearby school district in the
central part of the state (C. Seals, personal communication, June 16, 2020).
However, after a review by the school district’s research committee, it was
determined that even an online, email-based study could not be considered due to the
challenges of educating students in a COVID-19-impacted environment (G. Paczak,
personal communication, July 21, 2020). COVID-19, after all, had been declared a
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worldwide pandemic just three months earlier (CDC Museum, 2022). Continuing
communication with the central school district, however, did lead to superintendent
approval to conduct the study; however, one limitation of this approval was that it was
contingent upon high school principals confirming their assent for the study to take place
at their individual schools (G. Paczak, personal communication, September 9, 2021). See
Appendix A for the superintendent approval letter for central school district.
At this time, the researcher also reached out to the coordinator of afterschool
programs for a school district in the northern part of the state. That district eventually
approved the study to go forward in September of 2021, with one stipulation: the
researcher must coordinate all research efforts through this afterschool programs
coordinator, who would act as a liaison between the researcher and program coaches and
teachers (E. Nelson, personal communication, September 1, 2021). Thus, the researcher
had school district approval in two districts, one central and one northern, by early
September 2021 (E. Nelson, personal communication, September 7, 2021; G. Paczak,
personal communication, September 9, 2021). See Appendix B for superintendent
approval letter for the northern school district.
IRB approval received
Institutional Review Board (IRB) approval to conduct the study was received on
September 24, 2021. The COVID-19 pandemic was still ongoing as the study’s
participant recruitment would begin. Schools were reopening while adhering to varying
COVID protocols (CDC Museum, 2022). Program delays due to COVID were common
among students, educators, and program coordinators (CDC COVID-19, 2022; E.
Nelson, personal communication, June 15, 2022). Consequently, the effects of COVID47

19 on educators and students in schools continued to be significant in what was a
rebuilding year for afterschool programs (T. Hawkins, personal communication, October
5, 2021; E. Nelson, personal communication, June 15, 2022; V. Parks, B. Richardson,
personal communication, January 18, 2022). This, in turn, impacted the sample size of
the groups in the study. See approved IRB letter for September 24, 2021 in Appendix C.
Each program faces unique challenges
In the different schools and school districts, due to each school following
individual COVID protocols, what was possible for each program differed significantly,
and delays were part of the process. For instance, a speech and debate team in the central
school district started doing practices in-person with 8 out of 20 team members due to
COVID-19 protocols (T. Hawkins, personal communication, October 5, 2021). At the
same high school, study materials for a robotics program could not be distributed until
November when robotics could begin for the school year there (V. Parks, personal
communication, November 3, 2021); pretest surveys for that robotics team were also not
able to be collected until early December due to delays (V. Parks, personal
communication, December 8, 2021).
As a result of the difficulties resulting from the pandemic, the 2021-2022 school
year was a rebuilding year, with participation numbers significantly decreased for many
afterschool activities (E. Nelson, personal communication, June 17, 2022; B. Richardson,
personal communication, January 18, 2022; M. Lowe, personal communication, June 15,
2022; P. Stewart, personal communication, December 21, 2021). For example, in chess
for 2021-2022, only one tournament was held in the northern school district; Instead of
eight high schools with 80 high schoolers competing in a typical school year, there were
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only six high schools with about 50 high schoolers competing (Emily Nelson, personal
communication, June 10, 2022). In addition, for a speech and debate team in one central
district school, usually there would be 22 students on the team; however, for the 20212022 school year, there were just six on the team, with the addition of a seventh student
later in the school year (T. Hawkins, personal communication, December 15, 2021).
To increase the size of all population and sample groups, the IRB was modified to
include a third school district that agreed to participate with coordination by the assistant
superintendent, who would act as liaison. However, this third school district led to only
three pretests from robotics students, and those students did not complete the posttests.
See Appendix D for IRB modification for January 26, 2022.
Sample Groups
Table 1 provides a comparison of the projected number of possible participants
for the study per group, number of initial participants, and the number of actual
participants at the completion of data collection.
Table 1
Projected Sample and Actual Sample Compared
Program

Projected

Initial

Actual

Chess

50

39

29

Robotics

35

22

21

Debate

40

11

7

No Program

50

8

8
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Chess sample group
Recruitment for the chess sample group began with contacting a central district
program teacher and the northern district liaison (J. Mills, personal communication,
September 20, 2021; E. Nelson, personal communication, August 5, 2021). When contact
in the central school proved unsuccessful, efforts centered on the northern school district,
and the liaison felt confident there were good numbers for the Chess sample group (J.
Mills, personal communication, September 20, 2021; E. Nelson, personal
communication, November 9, 2021).
In the northern district, however, participant recruitment by email would not
work; according to the liaison, the most effective method would be to print copies of the
study information and permission forms for distribution to coaches and teachers through
the district’s internal school mail system (E. Nelson, personal communication, October
22, 2021). Further, an upcoming fall chess tournament would be the best venue for
providing the survey to participants pre-approved to take the study (E. Nelson, personal
communication, December 2, 2021). Consequently, the IRB was modified and approved
November 2, 2021 to allow activity coordinators, coaches and teachers of the afterschool
activities to provide the survey themselves, once parent consent was received. Then, upon
receipt of parental consent and minor assent, students in chess (and the other programs)
could take the survey at tournaments, in class meetings, or at meetings and practices. See
Appendix E for November 2, 2021 modified Institutional Review Board approval.
The northern district programs liaison indicated that in a typical school year, at
least 80 students could be surveyed for chess, upon parent consent, because that is how
many participate in the primary tournaments, 10 from each of the eight schools in the
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district (E. Nelson, personal communication, June 15, 2022). For the 2021-2022 school
year, however, only six of the eight high schools in the northern district fielded teams at
the one November tournament held for the season (E. Nelson, personal communication,
June 10, 2022). Consequently, a maximum of 60 high school students could participate at
the tournament, of which about 50 students took part in the competition (E. Nelson,
personal communication, June 10, 2022). And, as mentioned earlier, the championship
tournament in November was the only tournament held for the competitive season of
2021-2022 (E. Nelson, personal communication, June 15, 2022).
Regarding the chess population and sample size, approximately 50 students
comprise the population of chess students, of which a sample of 29 participants
completed both the pretest and posttest for the study. There was considerable attrition
from an original 50 possible pretest surveys to 39 actual pretest surveys to 29 actual
pretest-posttest surveys. With a total population of 50, and a sample size of 29, the
margin of error is 11.91 (Raosoft, 2022).
Robotics sample group
Recruitment for robotics began with assistance from a statewide coordinator in
June of 2020, who helped get the word out to coaches who may be interested in having
their teams take part (M. Lowe, personal communication, June 18, 2020; M. Lowe,
personal communication, July 13, 2020). Additionally, the researcher reached out to other
robotics coaches who were contacted to determine who may be interested in participating
in the future study (R. McLeod, personal communication, June 16, 2020; D. Thomason,
personal communication, June 17, 2020). Ultimately, participants came from public
school-based team members in grades 9-12 from two high schools in the central school
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district, as well as community-based teams in the metro area around both the central and
northern school districts. The central school district has another high school that chose
not to participate, eliminating some 9th graders who are part of the team at that larger
high school.
In addition, a community-based team in a southern school district participated,
with four team members completing their participation. All the community-based teams
in the metro areas around the northern and central school districts with public school
students were contacted. One of the teams had six team members who were eligible,
being public school students in grades 9-12; of those, four completed their participation
(S. Ciaravino, personal communication, June 10, 2022). Another team had three students
eligible, and of those, one participated (T. Rodgers, personal communication, April 14,
2022). The other remaining community team in the central district metro area with public
school students was reached out to, however delays in communication until March of
2022 when they were done with robotics, prevented the team from participating (T.
Green, personal communication, October 2, 2021; H. McDonald, personal
communication, March 4, 2022).
Northern district recruitment began in October of 2021, with an email from the
researcher and district liaison about the study to all school-based program coaches and
teachers in the district (E. Nelson, personal communication, October 6, 2021). However,
despite the efforts of the researcher and the district liaison, no robotics teams from the
district participated in the study (E. Nelson, personal communication, October 21, 2021).
It should also be noted that, in the northern school district, there was one
community-based team in the area surrounding the northern school district that had three
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eligible students; however, one of the students was in another school district. The
researcher mistakenly thought that student couldn’t participate because they lived outside
the school district. And another of the three didn’t complete their posttest. Thus, only one
of the three eligible team members from that team participated (T. Rodgers, personal
communication, June 19, 2022).
Regarding population and sample size for the robotics sample group, the
population of accessible robotics team members from a mix of two school-based teams
and four community-based teams, was 35, of which 21 completed the pretest and posttest.
With a total population of 35, and a sample size of 21, the margin of error is 13.72%.
Speech and debate sample group
The researcher began reaching out to speech and debate teachers and coaches and
in the fall of 2020 (S. Cole, personal communication, November 4, 2020; M. Everson,
personal communication, August 20, 2020). Upon IRB approval in September of 2021,
the researcher emailed the teachers and coaches of two speech and debate teams in the
assenting high schools of the approved central school district (T. Hawkins, personal
communication, September 24, 2021; S. O’Hara, personal communication, September 24,
2021; L. O’Gwynn, personal communication, September 28, 2021). According to a
speech and debate coach, in a typical school year, team size would be about 20 students
per team in the central district; however, for 2021-2022, that coach’s team had only six
students participating at the beginning of the school year (T. Hawkins, personal
communication, December 15, 2021). Additionally, although the teacher of another
central district speech and debate team sent the email addresses of 28 parents of who
might want to participate, only three responded and of those, only one student
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participated fully in the study (L. O’Gwynn, personal communication, September 28,
2021). Additionally, the northern district liaison projected that about 10 to 12 team
members from two speech and debate teams probably participate in the study; however,
only five team members ended up taking part (E. Nelson, personal communication,
February 28, 2022).
Regarding population and sample size, two teams from the central district and two
from the northern district took part in the study (T. Hawkins, personal communication,
September 24, 2021; E. Nelson, personal communication, July 16, 2022; L. O’Gwynn,
personal communication, September 28, 2021). The northern district liaison estimated
that speech and debate teams ranged in size from 5 to 10 team members for the 20202021 and 2021-2022 seasons (E. Nelson, personal communication, June 10, 2022).
Consequently, with the four participating teams, the population can be estimated
at four teams with 10 team members. Of that total population of 40, a speech and debate
sample group of 11 students completed the pre and posttest survey: six from the central
school district and five from the northern school district. The sample size for speech and
debate decreased to seven through attrition and participation in other programs.
Calculating the power sample for speech and debate, the margin of error is 34.07%
(Rayosoft, 2022).
No program sample group
Although recruitment efforts for the No Program group began at the same time as
the other activity groups in September of 2021, No Program was by far the more
challenging group for which to gather participants. No Program groups were either too
difficult for district liaisons to arrange (E. Nelson, personal communication, July 27,
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2021), superintendents were not able to respond to the specific requests for No Program
recruitment (K. Brown, personal communication, February 4, 2022); or teachers of NoProgram made attempts to entice participation but there was a lack of interest and
“apathy” from their students (M. Specks, personal communication, February 15, 2022).
Moreover, the effort was also made to reach out to current program coaches and
teachers to find other educators who might want students to participate in the No Program
group (T. Hawkins, personal communication, January 24, 2022; B. Richardson, personal
communication, February 4, 2022). Additionally, a band director known by the
researcher and other teacher contacts were made within the approved school districts (C.
Reynolds, personal communication, February 6, 2022; R. Lynn, personal communication,
February 16, 2022). Further, the principal of a school which was not able to participate in
the earlier in the study was contacted again to see if students may be able to participate
for this group (S. Brewer, personal communication, February 17, 2022).
Through this effort, seven new teachers were contacted, and one of those
teachers—a band director within the approved district recruited eight students for the No
Program group (J. Wallace, personal communication, February 7, 2022). Eight is a small
number to sample, particularly given the large number of students in the band. However,
as the director pointed out, “just about every kid I have… is also involved in another
sport/organization, including the ones you don't want included…” (J. Wallace, personal
communication, February 9, 2022). Additionally, it should be noted that this group was
not able to take the pretest until later in the semester. Thus, time between pretest and
post-test for No Program ranges from 12 days to 12 weeks instead of the 12 weeks or
more for the activity-based groups.
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The sample size of the No Program group was eight participants. The statistical
power of the sample could not be calculated as the number of students in the marching
band could not be determined.
Data Collection
Upon receiving IRB approval on September 24, 2021, the process of data
collection officially began. Regarding data collection, it should be noted that the research
was conducted at a time when the U.S. was dealing with the continuing effects of the
COVID pandemic on the nationwide education system (Dibner et al., 2020; Project Hope,
2021). Thus, the researcher made every effort to simplify the study program leaders to
host, and for students to participate in. For example, the researcher designed the study
initially to be conducted entirely online, and the survey assessment was selfadministered. Moreover, the study was designed so that the effort and involvement of
program coordinators, parents, and student participants was minimal. With these
measures and further modifications as needed, the study was adapted to address the issues
brought on by the pandemic as recommended by the American Psychological Association
(Clay, 2020). Recommendations made by Clay (2020) include eliminating any in-person,
face-to-face contact with participants from the study, performing tasks remotely
whenever possible, and following all safety protocols when gathering data with school
administrators and staff. Thus, the study’s IRB was written to require no direct, in-person
contact with students; contact for the study could only be made using a parent-approved
email address, which was sought from program coaches and teachers.
Because prospective participants in the study were by and large under 18 years of
age, participants’ parents needed to provide informed consent, and participants provide
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minor assent before students could take part (Fink, 2017). At the request of the
researcher, program coaches, coordinators and teachers sent study materials to parents of
students in their program, including the study permission form, and the informed consent
and minor assent document. The permission form, informed consent statement and
parental consent/minor assent forms were sent to and received from all parents of the
student participants in the study. See Appendices F and G for the parent permission and
informed consent forms.
Participation in the study involved taking a 15-minute pretest near the beginning
of the semester and a posttest near the end of the semester. As a means of encouraging
participation, incentives were important (Fink, 2017). In this case, the same incentive to
participate was offered to all participants: entry into an online drawing for one of five
$100 online gift cards. Participants were entered into the drawing once they completed
participation in the study. Having the parent-approved email addresses—or in the case of
the northern school district, the survey-linking coding system—made it possible to notify
winners of the gift card drawing. Additionally, completing the posttest survey was the
final step in each participant’s participation in the study. For the pretest and posttest
surveys with parental consent and minor assent mechanisms, see Appendices H and I. For
survey emails for the pre and posttests, see Appendices J, K and L.
Moreover, with the pandemic ongoing (CDC Museum, 2022), data collection
efforts remained flexible and adaptive to challenges the population and sample groups
faced. Table 2 presents the Schedule for Data Collection Activities.
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Table 2
Schedule for Data Collection Activities
Item Activity

Schedule Week

0

Receive initial IRB approval

Week 0

1

Begin emailing principals, coordinators, teachers

Week 1

2

Follow up with coordinators teachers and coaches

Weeks 2-4

3

Upon parent consent, start pretest survey emails

Week 5

4

Continue pretest emails to first groups

Weeks 6-16

5

Receive modified IRB approval for 2nd school district

Week 9

6

Begin data collection in second school dist.

Week 13

7

Continue data collection in Spring semester

Weeks 18-38

8

Start posttest email to earliest groups

Week 19

9

Receive modified IRB approval for 3rd school district

Week 21

10

Collect all surveys

Week 45

Data collection began with the researcher contacting principals in the consenting
school districts, then teachers and coaches for the sample groups in assenting schools.
The first emails to students whose parents had signed the consent forms were sent starting
October 8, 2021, with the first pretest surveys beginning to come in on that date via
Qualtrics. Emails to study-approved students continued weekly, at least once a week, for
six weeks through December 12, 2021. Then, posttest emails, starting with the earliest
activity groups, were sent beginning on January 12, 2022, continuing as scheduled for
each participant to maintain as close to a 12-week interval between each pretest and
posttest as possible. All of the activity-oriented groups of chess, robotics, and speech and
debate have at least 12 weeks between pre and posttest, although participants in the No
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Program group sometimes have as little as 12 days between pretest and posttest due to the
limitations in time and availability with that group noted earlier.
In early December of 2021, the researcher began the process of reaching out to
teachers of the earliest emailed groups who had not participated but still might wish to do
so. Teachers and coaches of the programs were reminded via email that second surveys
had not come back from some of the parent-approved email addresses. Teachers and
coaches were also reminded that participants did not have to participate if they did not
want to. As reiterated in the study materials, “Participation is entirely voluntary,” and
participants “can stop at any time.” However, students would also miss out on being part
of the drawing for a $100 online gift card. In turn, the program coaches and teachers let
these remaining participants know that the timeframe for completing their participation
was coming to an end.
Additional sample groups were attempted and begun as early in the Spring
semester as possible. The last posttest surveys from school-based groups were collected
May 26, 2022. The last four posttest surveys were collected from a community-based
robotics team on July 11, 2022; the team had an extended season after winning the state
championship. The coach was able to send their posttests to the researcher by July 13,
2022 (B. Davis, personal communication, July 13, 2022).
In addition, it is important to note that while recruitment efforts began for each
program group and the No Program group at the same time, low participation numbers
for all groups led to two IRB modifications and several different pretest-posttest start
times for the various sample groups. It is also important to note that while the pretestposttest timelines are different for each group, each program group has 12-25 weeks
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between pretest and posttest. However, the time between pretest and posttest for the No
Program group ranges from 12 days to 12 weeks due to the researcher being able to reach
that group late in the Spring 2021 semester.
Instrument
The instrument for the study was an online, self-administered assessment of
critical thinking, the Critical Thinking in Everyday Life survey, based on an accepted
model for youth development, Lerner’s 5-C’s (Bowers et al., 2010; Mincemoyer et al.,
2001; Mincemoyer et al., 2005; Wallace, 2014). This instrument was chosen because it
has proven to be a valid, reliable measure of critical thinking ability and competency in a
number of studies on the subject (ATIS, 2010; Duerden et al., 2010; Wallace, 2014).
Moreover, although many critical thinking assessments are designed for adults, this
measurement tool has proven suitable for students in the sample population, as it is
designed for a reading grade level of 6.5 (Duerden et al., 2010). This survey assesses a
student’s “critical thinking ability” by evaluating the frequency that participants currently
use the skills underlying critical thinking, such as reasoning, inquiry, information
processing, and analysis (Mincemoyer et al., 2001). The assessment’s authors assert that
the skills needed to develop critical thinking skills—such as reasoning, evaluating, and
analyzing—can be actively learned and practiced (Mincemoyer et al., 2001). Moreover,
the assessment was designed as a component of an overall evaluation of youth life skills,
including decision making, problem-solving, critical thinking, and leadership (ATIS,
2010). In terms of what the scores on the Critical Thinking In Everyday Life survey
indicate, higher scores reflect a higher level of critical thinking ability (ATIS, 2010;
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Mincemoyer et al., 2001). See the permission letter to use the Critical Thinking
Assessment at Appendix M.
On the pretest survey, the first few items collect (a) the program(s) the participant
is currently involved in; (b) the number of school years the participant has taken part in
the activity or activities, (c) whether the student is on a school district or community
team, and (d) the last four digits of the participant’s school ID number. These latter two
items are used for linking the surveys, pre and posttest, to each participant—similar to the
method used on a survey conducted by the School District of Philadelphia (2020). The
pretest instrument also collects the (e) type of program a participant is participating in. In
addition, on the pretest there are three questions to determine indicators of academic
success, including (f) whether the student is on the honor roll; (f) whether the participant
perceives graduating from high school to be important; and (g) whether the participant
perceives going on to college and career to be important.
Both the pretest and posttest surveys contain 20, five-point Likert-scale questions
to assess critical thinking competency and skill level (Mincemoyer et al., 2001). For each
skill-level item (e.g., “I develop my ideas by gathering information”), participants answer
using a five-point Likert scale ranging from never to always. In regard to scoring the 20
Likert-scale skill items, the researcher calculated the scores by summing the individual
score values, and dividing by 20, with higher scores reflecting greater skill level (HallLay, 2018; Mincemoyer et al., 2001).
Survey reliability
In terms of reliability in survey design, there are a number of methods researchers
employ to provide sufficient reliability (Phillips et al., 2013). One method most relevant
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to this study is evaluating the survey’s Internal Consistency. Internal Consistency refers
to the consistency of test items that reflect identical constructs and the consistency of the
results they generate (Phillips et al., 2013; Trochim, 2020). Chronbach’s alpha is a
common measure of internal consistency (Statistics, 2018). In the case of the Critical
Thinking In Everyday Life instrument, the authors relate that it has an internal
consistency or Chronbach’s alpha rating of .72 (ATIS, 2010; Mincemoyer et al., 2005),
which is considered a good rating (Statistics Solutions, n.d.). Additional measures for
ensuring reliability in survey design, according to Phillips et al. (2013) are (a) providing
clear, consistent survey instructions, (b) providing enough time for responses, and (c)
making sure all steps are followed consistently, which the researcher aimed to do.
Study validity
Within the topography of validity, Shadish et al. (2002) note there are four types
of validity that researchers must safeguard; these are internal validity, external validity,
construct validity, and statistical conclusion validity. Internal validity refers to the truth of
the inferences that can be made from evaluating a study’s cause-effect relationships
(Trochim, 2020). According to Shadish et al. (2002), internal validity concerns the
inferences regarding a study’s experimental treatments and findings, and these inferences
must be based on evidence. In addition, internal validity, asserts Trochim (2020), only
applies to cause and effect-based studies. As a quasi-experimental study, the research
involves looking at cause-effect relationships between the variables. According to Fink
(2017), using an existing, proven assessment instrument, as is the case in this study, is
one method of helping to ensure internal validity. The Critical Thinking in Everyday Life
assessment was used previously in studies ranging from research conducted by 4-H and
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Texas A & M on essential youth life skills (ATIS, 2010; Duerden et al., 2010) to a
Wallace (2014) mixed-methods study on the 21st-century workforce skills potentially
gained through FIRST Robotics mentoring.
External validity, for its part, relates to how generalizable a study is outside of its
particular setting and possible variation in other factors (Shadish et al., 2002; Trochim,
2020). Under normal circumstances, this study of public-school students in grades 9-12,
involved in afterschool programs in which students throughout the United States can
participate, should have sufficient external validity. However, the spread of COVID-19,
declared a pandemic by the World Health Organization in March of 2020, continued to
make a significant impact on data collection efforts when they began in October of 2021
(Project Hope, 2021).
Construct validity describes the degree to which the instrument represents the
particular construct the study intends to measure (Phillips et al., 2013). The use of the
Critical Thinking in Everyday Life survey in earlier studies by Duerden et al. (2010) and
Wallace (2014) reflect the validity of the survey in measuring the construct of critical
thinking. Moreover, because the instrument is a trusted, published model, the content
validity or validity that the assessment measures the characteristics it intends to measure
has been proven (Fink, 2017; Mincemoyer et al., 2001).
In addition, statistical conclusion validity relates to “the validity of inferences
about the correlation (covariance) between treatment and outcome (Shadish et al., 2002,
p. 38). In other words, are the conclusions reached regarding the relationship between
variables credible or valid (Trochim, 2020)? Statistical conclusion validity issues relate to
statistical power (Trochim, 2020), thus efforts will be made to calculate the correct
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sample size and to avoid Type I errors—stating a relationship exists when it does not—
and Type II errors—stating a relationship does not exist when it does (Trochim, 2020).
Threats to validity
Regarding threats to the validity of the sample, it should be noted that the
proposed sampling technique of purposive sampling can introduce two known validity
threats that the researcher needed to understand. First, purposive sampling does not
provide a study with as high a level of external validity or generalizability as random
probability-based sampling (Trochim, 2020). Consequently, the researcher strived to get
as many students as possible within the two school districts, modifying the IRB twice.
Secondly, the internal validity threat of selection may arise, where a number of
participants chosen may have different characteristics from other participants before the
study begins (Shadish et al., 2002). This internal validity threat, seen in other educational
studies such as Hall-Lay (2018), is when participants who are already involved in a 21stcentury skill-building program have a propensity to participate in other 21st-century skilloriented programs. This threat can lead to confusion about the treatment or pre-existing
program effects (Shadish et al., 2002).
Third, there is the internal validity threat of history. In the case of this study,
history refers to the threat that can arise from events occurring between the assessments,
the pretest and the posttest, which can affect the results (Laerd Dissertation, 2012;
Ohlund & Yu, 2010). Outside of this study, the COVID-19 pandemic adversely impacted
school districts, schools, and students in numerous ways, including teacher shortages,
increased student absenteeism, class quarantines, and school closures (Kufeld, et al.,
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2022; T. Hawkins, personal communication, January 24, 2022). Consequently, the threat
of history may have affected this study.
In addition, this study has internal validity threats of maturation, attrition, and
testing effects. According to Laerd Dissertation (2012), maturation refers to the effects of
time on participants over the length of the study. For instance, the results may be changed
by factors other than the program. The impact of an extended time between the pretest
and posttest, may have affected the study results. The researcher attempted to keep the
time between pretest and posttest from going beyond the ideal 12-week time period for
each group, to minimize the effects of maturation.
Attrition is a participant leaving a study before completing their participation
(Zach, 2020). In regard to this study, a number of participants did not or could not
complete their participation; logistical errors such as the loss of survey pages also caused
attrition. Additionally, testing effects refer to the changes in participant behavior or test
results that can happen when a test is taken repeatedly (Laerd Dissertation, 2012). For
instance, this study will use a pretest-posttest design, and a participant having taken the
critical thinking assessment as a pretest can have a confounding effect on how they do on
the posttest test (Laerd Dissertation, 2012).
Ethical Considerations
The following section describes the ethical Considerations for conducting this
research upon IRB approval. Because participants in this study were primarily under the
age of 18, the participant’s parents needed to be involved in the informed-consent process
to grant permission before participating (Trochim, 2020). In addition, there was also a
minor assent form that participants must sign digitally before taking the survey.
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Participants were informed prior to taking part in the research that their involvement was
voluntary. Further, all responses were kept confidential (Trochim, 2020). In addition, no
personal information was collected. Finally, the researcher made every effort to minimize
any possible risk of harm to the participants (Trochim, 2020).
Summary
The described study uses a quantitative, quasi-experimental design to compare the
afterschool programs of chess, robotics, and speech and debate in effectiveness for
developing student critical thinking skills. The population is made up of public high
school students in two school districts, one in the northern region and one in the central
region of a mid-size southeastern state. The quantitative data analysis uses demographic
questions and Likert-based data from a critical thinking survey for describing the sample
groups and determining whether statistically significant differences exist between them.
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CHAPTER IV – RESULTS
The purpose of this study was to compare the afterschool programs of chess,
robotics, speech and debate and a control group to determine the effects of such activities
on developing the critical thinking ability of public high school students. The studied
programs originally included eSports, however, no students in eSports completed
participation in the study. A review of the literature indicates that each program may
promote students’ critical thinking and problem-solving abilities (Bartanen & Littlefield,
2015; Gobet & Campitelli, 2006; Menekse et al., 2017). Moreover, research shows such
programs contain elements of constructivist and Problem-Based Learning theory, which
may increase the capability of students to gain critical thinking skills (Ananga, 2020;
Learning Theories, 2020; Wirkala & Kuhn, 2011; Zuckerman et al., 2021). This chapter
begins with a description of the types of analysis used on the data, followed by analysis
results, presented in regard to each Research Objective.
The data analysis for this research began with applying the type of analysis
appropriate to the five research objectives, which were arrived at through a thorough
review of the literature. Generally, two types of statistics are applied to the data collected
in quantitative research, descriptive and inferential (Trochim, 2020). Descriptive statistics
describe the data in terms of its basic features and explain what is happening in the data
(Trochim, 2020). The frequency distributions used in describing the different aspects of
the study participants in Research Objective 1 are an example of descriptive statistics.
Inferential statistics, for their part, are used to make inferences and reach conclusions
(Trochim, 2020). An example of using inferential statistics would be comparing the
critical thinking assessment scores of the different sample groups to determine if they
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have a statistically significant difference (Trochim, 2020). In addition, to conduct the
descriptive and inferential statistical analysis, the data needed to be transferred from the
Qualtrics online survey system and paper surveys to Excel spreadsheet software and input
into IBM SPSS Statistics for computerized data analysis (Field, 2018; Wallace, 2014).
The data was then screened for errors such as missing responses, evaluated for normality,
and the various assumptions tested (Hall-Lay, 2018).
An overall data analysis plan for the study includes determining the correct
measures for evaluating and testing each research objective (Trochim, 2020). The
research objectives for the study are listed below:
RO1 – Describe the characteristics of the study participants, including (a) type of criticalthinking-oriented program—Chess, Robotics, Speech and Debate, or No Program;
(b) pretest critical thinking level; (c) posttest critical thinking level; (d) years of
experience in the program, (d) whether the participant was currently on the honor
roll; (e) the perceived importance of graduating from high school, and (f) the
perceived importance of going onto college or career.
RO2 – Compare the change in critical thinking level between the different program types
(Chess, Robotics, Speech and Debate, or No Program).
RO3 – Determine the relationship between years of experience and critical thinking level.
RO4 – Compare the participants’ critical thinking levels, based on the pre- and posttest
survey, within groups.
RO5 – Determine the relationship between indicators of academic success (current honor
roll status, perceived importance of graduating from high school, and the
perceived importance of going on to college/career) and critical thinking level.
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For RO1, the researcher used frequency distributions to describe the different
aspects of the study participants. To measure and evaluate RO2 through RO5, the
researcher applied the inferential statistics of Kruskal-Wallis H, Spearman’s Correlation,
Wilcoxon Signed-Rank and Mann Whitney U (Laerd Statistics, 2018). Each of these tests
is non-parametric, and researchers use non-parametric tests when the sample size is small
and sample groups may not possess normal distributions (Field, 2018). Moreover,
researchers use non-parametric measures when the data is ordinal, rank-based or the
outcome “has clear limits of detection” (Sullivan, n.d.). Finally, it can be difficult, even
with testing, to determine whether data follows normal distribution when sample sizes are
small and possess low power; thus, the researcher used non-parametric measures
(Sullivan, n.d.). To ensure the proper tests were used, the equivalent parametric tests were
conducted, which generated the same results as the non-parametric tests. Table 3 is the
Data Analysis Plan for the study, showing the type of analysis applied to each of the
research objectives.
Table 3
Data Analysis Plan
RO

Item(s)

Scale

Statistical Test

1

1

Q1

Program Type

Nominal

Q2

Years of Experience

Numeric

Q4

School or
Community
ID Code

Q5

Honor Roll

Q3

Frequency
Distribution
Frequency
Distribution

Nominal
Nominal
Dichotomous
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Frequency
Distribution

Notes

Table 3 Continued
RO

Item(s)
Q6

Graduating

Q7

College/Career

Pre 120
Pos 120

CrtThk PreTest
CrtThk PostTest

Scale

Statistical Test
Frequency
Dichotomous
Distribution
Frequency
Dichotomous
Distribution
Mean, Stan. Dev.,
Scale
Min, Max
Mean, Stan. Dev.,
Scale
Min, Max

Notes

Kruskal-Wallis

IV-PrgType
DV-PrePost

Spearman’s RO

IV-Years of
Exp
DV-PrePost

2
Q1
PrePos

Program Type

Nominal

CrtThk Pre-Pos

Scale

Q2

Years of Experience

Numeric

PrePos

CrtThk Pre-Pos Diff

Scale

PreTest

Scale

Wilcoxon

IV-PrgType

PostTest

Scale

Wilcoxon

DV-PrePost

Honor Roll

Dichotomous Mann-Whitney

0=No;
1=Yes

Dichotomous Mann-Whitney

0=No;
1=Yes

Dichotomous Mann-Whitney

0=No;
1=Yes

3

4
Pre 120
Pos 120
5
Q5

CrtThk Pre-Pos Diff
Q6

Graduating
CrtThk Pre-Pos Diff

Q7

College/Career
CrtThk Pre-Pos Diff

The data analysis has five primary sections, each one coinciding with the five
research objectives of the study.
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RO1 – Describe the characteristics of the study participants
For Research Objective 1, the different aspects of the study participants are
described through frequency distributions. The study’s population included students in
school-based programs in two school districts and a small number of community-based
teams: 29 Chess participants collected from the one regional chess tournament held in the
2021-2022 season in the northern school district; 21 Robotics participants from two
public high school teams in the central school district and four community-based teams
near the central and southern school districts; 10 Debate participants, six from the central
school district, four from the northern school district; and eight No Program students
from an approved high school band program within the central school district.
Because three participants were currently in multiple programs included in the
study, they become part of multi-program groups. Additionally, regarding eSports, the
study faced challenges for recruiting participants to this sample group. Moreover,
although the study at one time included two multi-activity students currently in eSports
(eSports and Robotics and eSports and Chess) one of those participants was lost to
attrition, and the remaining eSports participant’s posttest survey arrived without the last
page. Consequently, there are no remaining eSports participants taking part in the study.
Table 4 presents some of the characteristics of the study population. For clarity in
relating the table data in this chapter, the name of the “Speech and Debate” group has
been shortened to “Debate.” The Average Years of Experience column presents the
average number of years participants have participated in the program. The Honor Roll,
Graduating, and College/Career columns present the percentages of participants from
each group who answered “Yes” to those academic indicators. The Honor Roll column
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shows the percentage of students who reported they were currently on the honor roll. The
Graduating column displays the percentage of group participants who perceive that
graduating from high school is important. The College/Career column displays the
percentage of group participants who perceive that going on to college and career is
important.
Table 4
Demographics of Study Participants

Program

n

Average
Years of
Experience

Honor
Roll

Chess

27

3.63

74.07%

100%

100%

Robotics

20

2.75

75%

100%

95%

Debate

7

1.57

85.71%

100%

100%

Multi (Chess-Debate)

2

6.5

100%

100%

100%

Multi (Robot-Debate)

1

2

100%

100%

100%

No Program

8

0

87.5%

100%

100%

Total

65

Graduating College/Career

For clarity on the sample population, 65 students in grades 9-12 participated in the
study. Three participants conveyed they were currently in two programs included in the
study: two indicated they were currently participating in Chess and Debate, and one in
Robotics and Debate. Thus, these participants become part of multi-program groups.
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Table 5 presents the frequency and percentage of participants (Korb, 2013).
Table 5
Sample Frequency and Percentage
Program

n

Percent

Chess

27

41.5%

Robotics

20

30.8%

Debate

7

10.8%

Multi (Chess-Debate)

2

3.1%

Multi (Robot-Debate)

1

1.5%

No Program

8

12.3%

Total

65

100%

Table 6 presents the descriptive statistics for the study participants, including
group sample sizes and each group’s mean scores and standard deviations, similar to
what was done in the Hall-Lay (2018) STEM study.
Table 6
Program Sample Size, Means, and Standard Deviations
Program

n

Pre Mean

SD

Post Mean

SD

Chess

27

74.2

9.55

73.9

10.47

Robotics

20

73.5

9.12

72.7

7.90

Debate

7

77.6

6.24

75.6

3.78

Multi (Chess-Debate)

2

77.5

.71

76.5

2.12

Multi (Robot-Debate) 1

68.0

.00

64.0

.00

No Program

8

74.6

5.73

74.3

3.96

Total

65
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RO2 – Compare change in critical thinking level between program types
For Research Objective 2, the researcher conducted a Kruskal-Wallis H test to
determine whether there was a difference in the median pretest and posttest critical
thinking scores between the groups. Kruskal-Wallis H is a non-parametric used to
compare differences in rank order of the medians (Laerd, 2018a). Laerd Statistics (2018a)
provides the four assumptions for the Kruskal-Wallis H test which each align with this
study. The statistical assumptions include: (a) a dependent variable which is ordinal in
nature; (b) an independent variable which consists of two or more categorical groups; (c)
the need to have independent observations between the groups; and (d) the need to
determine whether the distribution of the group scores for the independent variable are of
the same or different shape in relation to each other (Laerd Statistics, 2018).
Prior to conducting a Kruskal-Wallis, a boxplot of the score distributions should
be run to compare the distributions of the medians and determine if they are similar or
different (Laerd, 2018a). Upon visual inspection of the boxplot, it is difficult to declare if
the distributions are similar or different. Thus, according to Laerd, 2013), only the values
of the mean ranks can be considered. The boxplot and test statistics for the KruskalWallis H are presented in Figure 2 and Table 7.
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Figure 2.

Score Difference

Kruskal-Wallis H Boxplot

Sample Group

Table 7
Kruskal-Wallis Test Statistics for Score Difference across Program Type
Test Statistics

Score Difference

Kruskal-Wallis H

.774

df

5

Asymp. Sig.

.979

The p-value for the Kruskal Wallis H is .979. A p-value greater than .05 indicates
no statistically significant result (Field, 2018). Thus, the results presented in Table 7
indicate non-significant difference, H(5) = .774, p = .979. Consequently, the researcher
fails to reject the null hypothesis and concludes there is no statistically significant
difference between the groups for median pretest-posttest scores.
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Although there are no statistically significant differences between the groups,
differences in mean ranks remain relevant. Table 8 presents a table of mean ranks of each
sample group in the study, ranked by the averages of the critical thinking score
difference.
Table 8
Kruskal-Wallis Score Difference Mean Ranks by Sample Group
Sample Group

n

Mean Rank

Chess

27

33.39

Robotics

20

33.00

Speech and Debate

7

31.07

Multi (Chess-Debate)

2

33.50

Multi (Robot-Debate)

1

18.50

No Program

8

35.06

Total

65

The sample group with the highest mean rank is No Program, 35.06, which
indicates, according to Laerd (2018a), that the No program Group had the highest critical
thinking level.
RO3 – Determine relationship between years of experience and critical thinking
For Research Objective 3, a Spearman's Correlation was computed to assess the
relationship between years of experience (or no experience) in a program and the pretestpost-test critical thinking score difference to determine whether an association exists.
Researchers employ Spearman’s Correlation to evaluate whether an association exists
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between a pair of variables, and those variables can be ordinal or continuous (Laerd
Statistics, 2013). For example, Sadeghi and Mousavian (2018) used Spearman’s
Correlation to evaluate the relationship between professional chess players adaptiveness
to stressful situations and their problem-solving abilities. The assumptions for using
Spearman’s Correlation include having (a) two variables which are either continuous or
ordinal; (b) paired observations; and (c) a monotonic relationship between the variables
(Laerd Statistics, 2013). A monotonic relationship means that both of the variables, X and
Y, increase or decrease in the same way (Laerd Statistics, 2013.)
According to Laerd (2013), the researcher should evaluate whether the
relationship between variables is monotonic before conducting a Spearman’s Correlation.
Preliminary analysis showed the relationship between Score Difference and Years of
Experience was not monotonic, as assessed by visual inspection of a scatterplot.
However, monotonicity is not a strict assumption (Laerd, 2018). The scatterplot for the
Spearman’s rank correlation is shown in Figure 3.

77

Figure 3.

Score Difference

Spearman’s Correlation Scatterplot

Years of Experience

In addition, the Spearman’s Correlation found no statistically significant
correlation between the two variables, rₛ = -.008, p = .947. Table 9 presents the
Spearman’s Correlation for the relationship between Years of Experience and Score
Difference.
Table 9
Correlation between Years of Experience and Score Difference
Spearman’s Correlation

Years of Experience

Score Difference

Correlation Coefficient

1.000

-.008

Sig. (2-tailed)

.947

N

65

78

The p-value for the Spearman’s Correlation is .947. A p-value greater than .05
indicates there is no statistically significant result (Field, 2018). Consequently, the
researcher fails to reject the null hypothesis that no correlation exists between
participants’ years of experience in the programs and critical thinking level.
RO4 – Compare the participants’ critical thinking levels within groups
For Research Objective 4, the researcher employed a Wilcoxon Signed-Rank test,
which is the non-parametric version of the paired-samples t-test (Laerd Statistics, 2013a).
Researchers use Wilcoxon to look at whether there is a statistically significant median
difference between observations, and those observations can be either matched or paired
(Laerd Statistics, 2013a). In this case, the researcher is ranking the median differences
between the participants’ critical thinking pre- and posttests. The assumptions of the
Wilcoxon Signed-Rank test include having: (a) a dependent variable that is ordinal or
continuous; (b) a categorical, two-way independent variable; and (c) symmetricallyshaped distributions of the resulting differences (Laerd Statistics, 2013a). Table 10
presents the sample sizes and the p-values for each sample group.
Table 10
Wilcoxon Test Statistics (Posttest score minus pretest score)
Program

n

p-value

Chess

27

.590

Robotics
Debate
Multi (Chess-Debate)
Multi (Robot-Debate)
No Program

20
7
2
1
8

.432
.498
.655
.317
.609

Total N

65
79

A Wilcoxon signed-rank test indicated no significant differences of the median
pretest-posttest scores within the sample groups, p-value > .05. Thus, the researcher fails
to reject the null hypothesis, and as stated in SPSS and by Grande (n.d.), the median of
differences between the rankings of the pre- and posttest scores is equal within all groups.
Although the Wilcoxon signed-rank test showed no statistically significant
difference within the sample groups, there remain differences to report. For example,
Table 11 presents the results of the Wilcoxon signed-ranks test, showing the rankings of
the different sample groups. The results show the score rankings for each group. Negative
ranks indicate when the posttest score is less than the pretest score. Positive ranks
indicate when the pretest score is less than the posttest score (Grande, n.d.).
Table 11
Wilcoxon Groups’ Score Rankings
Program

n

Negative Ranks

Positive Ranks

Ties

Chess

27

13

12

2

Robotics

20

11

9

0

Debate

7

4

3

0

Multi (Chess-Debate)

2

1

1

0

Multi (Robot-Debate)

1

1

0

0

No Program

8

5

2

1

Total N

65

For each group, there are more negative ranks than positive ranks. However, for
Chess, Robotics and Debate there are only a small number of negative over positive
ranks. The greatest difference in negative ranks over positive ranks is in the No Program
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group, with five negative ranks, two positive ranks, and one tie. Moreover, Table 12
presents the median pretest and posttest scores as well as the median difference score.
Table 12
Median Report for Sample Groups
Program

n

Pre Median

Post Median

Median Diff

Chess

27

72

73

.00

Robotics

20

73.5

73

-2.00

Debate

7

79.0

75.0

-2.00

Multi (Chess-Debate)

2

77.5

76.5

-1.00

Multi (Robot-Debate)

1

68.0

64.0

-4.00

No Program

8

73.5

76.0

-1.00

Total N

65

The group with the highest median pretest score is Debate; and the Debate median
posttest score is four points lower than the median pretest score. As stated earlier in the
reporting of the test statistics, none of the groups shows a statistically significant change
in critical thinking level. Another difference among the scores to note, however, is that
the No Program and Chess groups are the only groups to show an increase in the median
score between pre- and posttest, from 73.5 to 76 for No Program, and 72 to 73 for Chess.
RO5 – Determine relationship between indicators of success and critical thinking
For Research Objective 5, the researcher applied the non-parametric MannWhitney U test. Researchers use the Mann-Whitney U for comparing two groups or more
which are independent of one another, and the dependent variable can be continuous or
ordinal (Grande, 2015; Laerd Statistics, 2013b). For example, Singh et al. (2022) used
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Mann-Whitney U to compare two groups, eSports players and traditional sports players,
along a set of personality characteristic variables. The assumptions for the Mann-Whitney
U include having: (a) a dependent variable which is either ordinal or continuous; (b) a
dichotomous independent variable; (c) observations which are independent of one
another; and (d) distributions which are determined to have the same or different shape
(Laerd Statistics, 2013b).
The researcher used Mann-Whitney U test to examine the relationship between
the indicators of academic success and the critical thinking pretest-posttest difference
score. The indicators of academic success are the dichotomous variables, “Yes” or “No,”
regarding whether the student was currently on the Honor Roll, whether the student
perceived it important to Graduate from high school, and whether the student perceive it
important to go on to College and Career.
The researcher suspected that if a participant answered “Yes” to an indicator of
academic success, the score difference would be higher. The Mann-Whitney U test
indicated there was a relationship between critical thinking score difference and being on
the Honor Roll (Mdn = -.50). There was also a relationship between the score difference
and whether or not the participant perceived it was importance to go on to College and
Career (Mdn = -1.0.) However, the Mann-Whitney U indicated that neither relationship
was statistically significant. Table 13 presents the Mann-Whitney U Summary for the
variables Honor Roll and College/Career.
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Table 13
Mann-Whitney U Test Summary for Honor Roll and College/Career
Test Statistics

Honor Roll

College/Career

Total N

65

65

Mann-Whitney U

360

2

Asymptomatic Sig. (2-sided)

.962

.109

Exact Sit. (2-sided)

.092

The Mann-Whitney U calculation for the relationship between score difference
and being on the Honor Roll is U(N YesHonorRoll = 51, N NoHonorRoll = 14) = 360, z = .048,
p = .962. The Mann-Whitney U calculation for the relationship between score difference
and the perceived importance of going onto College and Career is U(NYesCollegeAndCareer =
64, NNoCollegeAndCareer = 1) = 2, z = -1.60, p = .092. A p-value greater than .05 indicates
there is no statistically significant result (Field, 2018). Consequently, for both Honor Roll
and College and Career, the researcher fails to reject the null hypothesis that the
distribution of the score difference is the same. In addition, the Mann-Whitney U
calculation for the relationship between score difference and the perceived importance of
Graduating High School could not be completed by SPSS because 100% or all 65
participants answered, Yes, “Graduating from high school is important to me.”
Although the researcher found no statistically significant difference in the
relationships between difference score and being on the Honor Roll or perceiving College
and Career to be important, there are some relevant differences to report. For example, on
the question of whether a participant was currently on the Honor Roll, 51of the
participants indicated “Yes” and 14 indicated “No.” Of those who answered yes, a few of
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those participants did score higher on the posttest versus the pretest, which does indicate
that students who are currently on the honor roll may have higher critical thinking ability.
In addition, “Yes” participants do have a higher mean rank compared to the “No”
participants, 33.06 compared to 32.79. Moreover, for the question regarding whether a
participant perceived going on to College and Career to be important, all participants
except one answered “Yes;” and all participants also answered “Yes” to the question of
whether Graduating High School was important.
Summary
The research described in this section used quantitative, quasi-experimental
methods to compare Chess, Robotics, Debate, two multi-program groups (Chess and
Debate and Robotics and Debate) and a No-Program group in how they may assist in
developing critical thinking skills among public high school students. The population for
the study was composed of 65 public high school students who participated in the
aforementioned programs as well as the No Program control group. The instrument for
the study is a proven, published assessment of critical thinking ability, Critical Thinking
in Everyday Life (Mincemoyer et al., 2001; Mincemoyer et al., 2005; Wallace, 2014).
Data analysis of the Likert-style critical thinking surveys led to statistically insignificant
results among all program groups. However, looking at the data led to possible indicators
and insights that are explored further in Findings section.
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CHAPTER V – FINDINGS, CONCLUSIONS AND RECOMMENDATIONS
Students currently graduate high school lacking critical thinking, an essential skill
for navigating an increasingly complex, decision-based society (Dawson, 2018; Haber,
2020). Critical thinking’s importance stems from the fact that it underlies key cognitive
processes such as reasoning, analyzing, and decision-making (P21, 2019b; Halton, 2019,
Kivunja, 2015; National Education Association, 2012). According to Stobaugh (2013a),
the decision-making process has become increasingly complicated for learners due to the
expanded array of information sources, which may not always be trustworthy.
Policymakers, industry leaders, and employers are increasingly requiring students to have
the ability to problem-solve, find solutions, and make decisions, which are all
components of critical thinking (Kivunja, 2015; Ma & Williams, 2013; National
Education Association, 2012; P21, 2019b). In fact, in this age of information overload,
with so much to evaluate and sort through, students need critical thinking now more than
ever (Dawson, 2018; Haber 2020; Stobaugh, 2013a).
Increasingly, schools are using critical thinking-oriented afterschool programs
such as chess, robotics, speech and debate, and others to foster critical thinking skill
development (Iman, 2017; Menekse et al., 2017; Thomas EL, 2019; Usart et. al, 2019).
Consequently, this study compared chess, robotics, speech and debate, and a No Program
group to determine which may be more effective in fostering high school student
development of critical thinking skills.
Study Findings, Conclusions, and Recommendations
Using a quantitative, quasi-experimental approach and non-parametric data
analysis, the researcher conducted a range of tests, arriving at results that, in each case,
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proved statistically insignificant. However, each result highlights possible findings and
indicators that remain useful to examine. Through a review of the literature and analysis
of the data, the researcher arrived at five primary findings, reported similarly to how
Wallace (2014) presented findings, conclusions, and recommendations.
Finding 1: Students’ experience level did not affect critical thinking level
At the outset of the study, the researcher thought that as the experience level of
participants increased, so, too, would critical thinking ability. This was not the case,
however. Upon reaching the finding that students’ experience level did not affect the
critical thinking level, the researcher looked back at the largest group with the most
experience, chess, and again found no difference in critical thinking. Consequently, the
researcher began to question: What matters more: the level of experience in a program or
the level of learning able to take place?
Finding 1 Conclusion: Analyzing the results, it appears that students’ experience
level does not influence critical thinking level, a conclusion that aligns with the literature.
According to researchers, the engagement level of students in school activities declined
over the months of remote learning due to the pandemic, and engagement is key to
improving academic performance (Lippman & Rivers, 2008; Toth, 2021). As Lippman
and Rivers (2008) assert, sequenced, focused, and active programs that explicitly teach
certain skills are more effective at keeping students engaged. Thus, if a student is not
actively engaged and participating with the team in the activities, then the student cannot
actively learn the skills presented. Consequently, the students’ ability to learn skills
suffers, and it may not make any difference how many years a participant has been on the
team.
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Finding 1 Recommendations: The recommendation for program leaders is to
consider the actual engagement level of your students. It is important to remember that
afterschool programs must engage to be effective. Moreover, if engagement is lagging,
program leaders should take steps to ensure the curriculum is focused, active and
explicitly shows students the skills they need to learn.
Finding 2: Overall, the programs did not increase critical thinking levels
Given the finding that critical thinking decreased slightly for all programs, the
researcher looked back at the effects of the pandemic on afterschool programs and asked:
Was there a fundamental change to afterschool activities due to the pandemic? The 20212022 school year was a rebuilding year for many programs, and there were fewer teams
and team members, various safety protocols to follow, delayed programs starts, and fewer
competitions. Thus, the pandemic may have impacted the ability of students, teachers and
coaches to collaborate and interact, both required elements for effective learning.
Finding 2 Conclusion: According to researchers, the problems programs faced
during the pandemic impacted student collaboration and student-teacher interaction in
those programs (Ananga, 2020; Kanno 2020; Zuckerman et al., 2021). Student
collaboration and student-teacher interaction are essential elements of Constructivism and
Problem-Based Learning (McLeod, 2003; McMaster University, 2015). For example,
when an event such as the pandemic affects student-teacher interaction, researchers assert
that educators may need to be more connected and supportive of their students (Ananga,
2020, Zuckerman et al., 2021). Further, when the in-person collaboration needed for
Problem-Based Learning is not possible, Kanno (2020) suggests students stay connected
through an online workspace such as Slack. Additionally, in crisis times such as the
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pandemic, researchers recommend pairing current students up with alums for
collaboration and teachers carving out more collaboration time for themselves (DarlingHammond & Hyler, 2020). Further, in-person collaboration may not be possible for
teams when outside events occur. Moreover, teacher-student interaction may suffer with
transitions to remote learning and the implementation of safely protocols.
Finding 2 Recommendations: Consequently, educators, the researcher included,
should find innovative ways to boost collaboration and interaction in times of crisis.
When programs are faced with events such as the pandemic, educators can maintain
connection and collaboration among the students through online workspaces.
Additionally, program leaders can pair students up with alums of the program for
collaborations when needed. Educators may also want to carve out collaboration and
planning time with their fellow teachers. Moreover, program leaders can take steps to
boost interaction, connection, and support for the students overall.
Finding 3: Honor roll students show comparatively higher critical thinking level
This finding highlighted a possible connection between critical thinking and
academic achievement. Thus, the researcher looked more deeply into the literature
regarding critical thinking and academic achievement. This finding does align with the
work of researchers suggesting a positive relationship between critical thinking and
academic achievement.
Finding 3 Conclusion: In a quantitative study of 178 11th-grade science students,
the researchers looked to determine whether a correlation existed between critical
thinking and academic or learning achievement (Nur’azizah et al., 2020). Results showed
a “significant and positive relationship between students’ critical thinking skills and
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learning achievement” (Nur’azizah et al., 2020, p. 7). Additionally, Ghanizadeh (2017)
studied 196 university students examining critical thinking and academic achievement,
finding that critical thinking and reflective thinking predicted and contributed to
achievement.
Finding 3 Recommendations: Educators should consider the effects of their
programs on achievement and look to foster those effects. For example, program leaders
can help students build critical thinking skills in ways that match students’ academic
pursuits. Moreover, teachers of honor roll students may want to invite them to join
critical-thinking oriented afterschool programs.
Finding 4: Marching band students had the highest critical thinking level
The No Program group was comprised of high school marching band students for
the study. Upon reaching this finding, the researcher began to look back more deeply into
band and music programs for links to critical thinking. The literature aligns with this
finding: afterschool activities such as marching band and music may benefit student
development of critical thinking. Thus, other programs, well beyond the three considered
in the study, can foster such skills. This finding broadened the researcher’s perspective
and may for others as well.
Finding 4 Conclusion: Several researchers, in alignment with this finding, note
that marching band and music education programs may include developing critical
thinking skills in the curriculum (Callahan, 2013; Kokkidou, 2013; Topoglu, 2014). For
example, Topoglu (2013) found that music education, which includes listening, music
making, and thinking about musical pieces and structures, can lead to developing critical
thinking and problem-solving skills. However, making connections across learning
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domains takes an active, nuanced role on the part of the teacher (Topoglu 2013). For
Topoglu (2013), music teachers must lead lessons in a way that guides students in
thinking critically across a range of different contexts and examples. Likewise, Kokkidou
(2013) asserts that music, like other subjects in the arts, presents many opportunities for
open-ended problem-solving, which can foster the promotion of critical thinking. In a
scholarly review article, Kokkidou (2013) also reiterates the idea that music teachers and
educators of all disciplines should help students think critically about the world around
them (Kokkidou, 2013).
Finding 4 Recommendations: Educators in a wide range of subjects can look at
these findings and conclude that critical thinking may be incorporated into their
curriculum. Program leaders and teachers should also keep in mind that critical thinking
skills can be taught through a wide range of programs. Researchers may also want to
expand well beyond traditional programs, such as those considered in this study, and look
into art, drama, band, music, and other possibilities for study.
Finding 5: Skill development may not happen in critical thinking-oriented programs
This finding stems from the slight decline in overall critical thinking levels for the
sample groups. Critical thinking was expected to go up son average, by varying degrees,
with each program. However, analyzing the results showed no such skill increase.
Looking at the literature, researchers assert that critical thinking requires planning,
integration, and purposeful teaching.
Finding 5 Conclusion: For example, Willingham (2019) proposes a four-part plan
for teaching critical thinking that includes: (a) identifying the specific domain or domains
students will be working in, such as history or music, or robotics, and then allowing them
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to practice critical thinking skills within that domain; (b) identifying the domain-specific
content students need to know; (c) planning the ideal sequence for learning the particular
set of critical thinking skills needed; and (d) deciding which skills need repeated lessons
over time. For Willingham (2019), critical thinking is domain specific because “different
domains have different norms for critical thinking,” and ideas and thoughts which work
in one context may not be transferrable to another (Willingham, 2019, p. 7). Kokkidou
(2013, p. 10) asserts that students should fully understand and “feel at home with
procedures that teach them to evaluate the effectiveness of their thinking” and be able to
use a wide range of disciplines.
According to both Willingham (2019) and Kokkidou (2013), critical thinking can
be taught using different domains and disciplines. To teach critical thinking through
music, for example, the educator would allow time for students to provide relevant
feedback, evaluate outcomes, and involve their own experiences and preferences
(Kokkidou, 2013). Kokkidou (2013) goes further, stating that the different aspects of
music, such as performance, listening, creation, and literacy, can be used in an array of
critical thinking development. For instance, musical literacy contains a range of critical
thinking exercises, including classifying musical terms, collecting information on a
particular musical period in history and its unique tendencies, and going deeply into the
function and impact of music in society, among other exercises (Kokkidou, 2013). In the
same way, the different aspects of a program, such as robotics, which involves planning,
building, programming, and competing, could be used to provide lessons in critical
thinking. For example, robotics critical thinking exercises could include investigating the
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role of computer code in everything from household devices to robots to space travel; or
applying the Engineering Design Process in creating an invention.
Finding 5 Recommendations: Chess, robotics, speech and debate, and a range of
other programs can be used to develop student critical thinking. However, doing so
involves purposely teaching those skills within those particular domains. Moreover, such
skill development can be integrated into existing programs in ways that spark students’
interest and allows them to explore further. Based on study findings, program leaders
who want to integrate critical thinking skills into their curricula should start the process
by identifying the domains they want students to know. It is also important to allow
students plenty of practice time within the domain or discipline. In addition, students
should be given the opportunity to reflect and feel comfortable within their domain.
Limitations
Several limitations impacted the study, with a primary issue being challenges with
data collection. Recruitment during a pandemic reduced sample sizes. Many program
leaders were actively struggling with challenges of educating during COVID-19. Adding
a student-based study with the associated parent approvals proved difficult for many. In
addition, schools each followed different safety protocols for COVID-19, which impacted
what was possible for each program, and when programs could begin for the school year.
Moreover, the number of active school-based and community-based teams and team
memberships were down for the 2021-2022 season. Consequently, these factors severely
impacted sample size.
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Need for superintendent approval/principal assent decreased participation
Although understandably necessary, securing approval for the study at the school
superintendent level was challenging. As with teachers and program coaches, school
district superintendents faced various challenges brought on by COVID-19 during the
2021-2022 school year. Even as some safety protocols were lifted, superintendents did
not want a student-based study with no student and limited educator contact in their
schools. Moreover, even when superintendent approval was procured, the researcher
needed to secure permission from the school principals, which, again, was understandable
given the circumstances. However, not receiving principal assent in one case ended up
eliminating two high schools from the study.
Working through district liaison proved helpful but limiting
In two school districts, the researcher needed to coordinate all study efforts solely
through a district liaison as a condition of approval. Consequently, the researcher
received essential assistance in participant recruitment and coordination of data collection
efforts from the liaison. Furthermore, there would be no chess and even fewer speech and
debate participants were it not for district liaison efforts. And liaison efforts for
recruitment of eSports, robotics, and No Program cannot be overstated. However, the
added layer of a district liaison in two districts limited communication about the study
only to those liaisons, eliminating direct contact with coaches and teachers in those
districts, which would have been helpful for research coordination.
Recommendations for Future Research
As this research was conducted during a pandemic, future critical thinkingoriented studies involving chess, robotics, speech and debate, eSports, marching band,
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and other relevant afterschool programs are needed to achieve significant results. When
schools can accommodate such a study, recruiting efforts could be more effective, and
sample sizes would likely grow. However, conducting the study during COVID-19, the
researcher was able to learn methods of data collection for high school-based programs
during a crisis time, and those methods include: (a) making the study as easy as possible
for educators, parents, and students to participate in; (b) making contact with as many
school districts as possible as early as possible, and (c) finding the statewide coordinators
of each program early in the process and identify the programs within your approved
school districts.
It may also be more effective to host a future study with a population above minor
age, such as recently graduated alumni of the programs. A mixed methods approach,
including qualitative interviews with recent alums and program leaders, could also be
helpful for the research and expand the data collection possibilities. Moreover, it would
be essential to include marching band or music students as an actual program group, not
the No Program group. Other programs, such as drama or art, could expand the study as
well. Finally, it is unfortunate that none of the eSports team members completed
participation in the study. eSports is an emerging afterschool program that appears to
hold potential for developing students’ critical thinking skills through strategic gameplay.
Summary
Although the data analysis examining the study’s research objectives proved to be
statistically insignificant, several findings led to substantive discussion points. For
example, although the relationship between experience level and critical thinking was
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found insignificant, this finding pointed out that experience level may not be as relevant
as engagement level. Regarding this finding, engagement across all programs may have
been lower than normal due to difficulties faced during the pandemic. COVID-19, as
reflected in the communications with program leaders in the study, greatly affected
program participation and engagement. Consequently, educators should remember that
critical thinking-oriented programs must engage students to be effective, especially in
times of crisis.
Moreover, although the data analysis comparing differences in critical thinking
proved insignificant, the higher level of the No Program group revealed another
possibility: Afterschool activities such as marching band and music can also be beneficial
for developing critical thinking. These skills can be effectively integrated into music, art,
drama, history, and a range of other domains. In addition, although no significant
relationship was found among academic indicators and critical thinking, the
comparatively higher level among honor roll students did highlight a link between critical
thinking and academic achievement that should be explored.
In terms of significance, the researcher undertook this study because, although
individual programs such as robotics and chess have been shown to foster student critical
thinking, there was no study found comparing critical thinking-oriented programs
quantitatively in terms of effectiveness. Moreover, although this research did not
determine which programs were more effective, it did determine what exactly is required
to make all programs more effective. Engagement and collaboration are essential.
Further, the results of the study present one undeniable assertion: these programs
do not work magically to boost students' critical thinking abilities. Critical thinking is a
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skill students must be given planned, focused opportunities to develop. This is not surface
level but higher-order learning. Several factors must be in place for such skill
development to happen. Program leaders, coaches, teachers, and students need
collaborative, engaging environments where they can build this knowledge together.
Moreover, when learning is affected by events, program leaders must be ready to respond
with guidance and support.
Regardless of this study's validity, sampling, and significance issues, the research
may serve program leaders as a wake-up call. With the study’s findings, the researcher,
also a program leader, now has a firmer understanding of how a student’s level of
engagement may matter more than years of experience. Following this research,
awareness of the constructivist underpinnings of these programs is heightened. There is
also an increased sense that essential PBL elements, such as collaborative problemsolving, need to be safeguarded. Ultimately, guidance in critical thinking development
must be a concerted, conscious effort on the part of program leaders, no matter the class,
curricula, or afterschool program. Through this effort, coaches, teachers, and program
coordinators will be better able to help students reason, analyze and make sense of their
world.
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(IRB #:21-184).
The project below has been reviewed by The University of Southern Mississippi Institutional Review Board in accordance with Federal Drug
Administration regulations (21 CFR 26, 111), Department of Health and Human Services regulations (45 CFR Part 46), and University
Policy to ensure:
The risks to subjects are minimized and reasonable in relation to the anticipated benefits.
The selection of subjects is equitable.
Informed consent is adequate and appropriately documented.
Where appropriate, the research plan makes adequate provisions for monitoring the data collected to ensure the safety of the subjects.
Where appropriate, there are adequate provisions to protect the privacy of subjects and to maintain the confidentiality of all data.
Appropriate additional safeguards have been included to protect vulnerable subjects.
Any unanticipated, serious, or continuing problems encountered involving risks to subjects must be reported immediately. Problems
should be reported to ORI via the Incident submission on InfoEd IRB.
The period of approval is twelve months. An application for renewal must be submitted for projects exceeding twelve months.
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APPENDIX F – Parent Permission Letter

DATE

Dear Afterschool Activity Parent,
As a doctoral candidate at the University of Southern Mississippi, I am surveying students who
participate in intellectually engaging high school team activities that require critical thinking and
problem-solving such as Speech and Debate, Chess, eSports, or Robotics along with a similar
no-activity group of students. This research will allow me to document the impact that
participation in these activities has on high school students.
Your child is a member of at least one of these teams, and I would like to invite them to take part
in this study. With your permission, I will ask your child to complete two self-administered
surveys. The first survey is completed early in the school year. The second survey is completed
a few months later, after team members have worked together in pursuit of team goals. This
study will be overseen by the university’s Institutional Review Board and my Dissertation
Committee, individual responses are kept confidential, and participants remain anonymous.
Below you will find additional study information and the opportunity to give your informed
consent. You may withdraw your consent at any time, and your child may stop participating in
this study at any time. Your child will continue to be a part of the team regardless of
participation. Ultimately, your parental consent and your child’s participation will contribute to
the body of evidence educators use to provide meaningful experiences for students in years to
come. And, students who complete both surveys will be entered in a drawing for a $100 online
gift card.
Thank you for your consideration. If you have any questions or concerns, please call, or email
me at (601) 951-6391 or marc.leffler@usm.edu. Dr. Jonathan Beedle, my Dissertation
Committee Chair, can be reached at 228.214.3272.
Sincerely,
Marc Leffler, Doctoral Candidate, University of Southern Mississippi
____ Yes, I grant permission for my child to take part in the study.
____ No, I do not grant permission for my child to take part in the study.
Parent’s Consent Signature (Type or Sign):

Email Address To Use For Survey Info Only:

_________________________________________/____________________________________
This project was approved by the University of Southern Mississippi IRB (IRB-21-184)
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APPENDIX G – Informed Consent

Critical Thinking Study Informed Consent Statement
This is the informed consent statement for the critical thinking study I would like your child to
take part in. It describes the study so that you can decide whether you will allow your child to
participate.
Background Information: This study’s purpose is to compare particular after-school programs
in regard to how effectively they may foster a student’s critical thinking skills. Even if your child
does not take part in one of the after-school program groups, they can still participate in the study
as part of the No Program group.
If you consent to your child taking part—and your child agrees to participate as well—they will
complete a short, 15-minute survey as a pretest this semester and as a posttest a few months later,
after team members have worked together in pursuit of team goals. And, if your child completes
both the pretest and posttest surveys, they will be entered into a drawing for a $100 online gift
card. The email you provided will be used to enter them into the drawing. Note: Your child must
complete both surveys to be entered into the drawing.
Here are a few sample survey questions: "When I think…
• I think of possible results before I take action
• I get ideas from other people when having a task to do
• When facing a problem, I identify options"
Participation in the Study is Voluntary: As a parent or guardian, you can accept or decline to
participate. Your child will be able to accept or decline this invitation, too. And if you or your
child decide to grant consent now, you can still decide not to participate later. Also, your child
can end their participation whenever they choose.
Risks and Benefits of Participating: Taking part in a study such as this involves similar risks or
discomforts that a student may encounter in everyday activity, including fatigue, minor stress
from taking the survey, or boredom. Participating will not put your child’s wellbeing or safety at
risk. The research aims to provide insights on the effective development of critical thinking
which will benefit students, business leaders, and society overall.
Privacy: Any personal information collected for this study will be kept confidential. No details
which could identify participants will be shared. Security of all data will be maintained by
keeping records locked in a secure area.
Questions: If you have any questions or concerns about your child’s participation please call or
email the researcher at (601) 951-6391 or marc.leffler@usm.edu.
Thank you for considering allowing your child to participate in this Critical Thinking
study. Critical thinking is an important 21st-century skill that students need in order to meet the
challenges of a rapidly changing, increasingly complex society.
This project was approved by the University of Southern Mississippi IRB (IRB-21-184).
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APPENDIX H – Printed Pretest Survey
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APPENDIX I – Printed Posttest Survey
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APPENDIX J – Pretest Email with Survey Link
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APPENDIX K – Pretest Reminder Email with Link
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APPENDIX L – Posttest Survey Email with Link
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APPENDIX M – Permission to Use Critical Thinking in Everyday Life Survey
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